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1-01.  Location  and  Description.  Milford  Dam  is  located  4  miles 
northwest  of  Junction  City,  Kansas.  It  is  situated  on  the  Republican  River 
8.3  miles  above  it's  confluence  with  the  Smoky  Hill  River  which  becomes  the 
Kansas  River  eastward  of  this  point.  The  area  is  served  by  major  U.S. 

Highways  70  and  77  and  the  Union  Pacific  Railroad.  The  project  consists  of  an 
earth  and  rock  embankment  stretching  6,300  feet  north-south  across  the  valley, 
a  concrete  outlet  works,  and  a  chute  type  uncontrolled  spillway.  The  height 
of  the  embankment  is  147  feet  above  the  streambed.  The  maximum  width  of  the 
embankment  is  1 ,050  feet.  Located  along  the  right  abutment  is  a  reinforced 
concrete  outlet  works  consisting  of  an  intake  control  tower,  a  cut  and  cover 
conduit,  and  a  stilling  basin.  This  structure  is  designed  to  handle  discharge 
flows  up  to  a  maximum  of  26,900  cubic  feet  per  second.  Discharge  flows  are 
controlled  by  two  hydraulically  operated  gates  in  the  control  tower.  The 
spillway  is  located  about  3,000  feet  south  of  the  embankment  utilizing  two 
large  topographic  draws.  It  is  an  uncontrolled,  emergency,  chute  type 
spillway  with  a  concrete  sill  1 ,250  feet  long.  Full  pool  reservoir  level  is 
at  elevation  1176.2  m.s.l.  with  storage  capacity  of  757,746  acre  feet.  The 
reservoir  level  at  conservation  pool  is  at  elevation  1144.4  m.s.l.  making  a 
reservoir  of  16,189  acres. 

1-02.  Construction  Authority.  This  project  was  authorized  by  Public 
Law  83-780  in  1954  by  the  83rd  Congress  of  the  United  States.  It  is  part  of 
the  Missouri  River  basin  flood  control  plan.  The  project  was  advertised  for 
competitive  bids  in  the  spring  of  1962.  Western  Contracting  Corporation  of 
Sioux  City,  Iowa  was  awarded  the  contract  for  a  low  bid  of  $13,965,840.00, 
and  construction  operations  began  in  the  fall  of  that  year. 

1-03.  Purpose  and  Scope.  The  purpose  of  this  report  is  to  describe  the 
construction  operations,  provide  a  record  of  the  foundation  conditions  and  to 
discuss  problems  encountered  during  construction.  The  report  will  also  deal 
with  the  geological  aspects  of  the  project  construction  with  emphasis  on 
bedrock  foundation  conditions,  materials  utilization,  and  other  items  which 
have  geologic  relationship.  The  Resident  Engineer  was  Mr.  Richard  Griffith 
and  the  project  geologist  was  Mr.  Steve  D.  Markwell. 
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CHAPTER  2 


GEOLOGY  AND  PHYSIOGRAPHY 

2-01.  General.  Milford  Dam  is  located  in  the  03age  Plains  section  of 
the  Central  Lowlands  physiographic  province  in  the  middle  of  the  Permian 
escarpment  belt. 

a.  The  topography  of  the  area  is  in  a  stage  of  maturity  to  old  age 
with  broad  0-shaped  valleys  separated  by  flat-topped  highlands.  These 
highlands  have  been  appropriately  named  the  "Flint  Hills"  due  to  the  cherty 
limestones  from  which  they  have  been  carved.  Rocks  of  Permian  age  crop  out 
in  the  vicinity  of  Milford  Dam.  All  bedrock  materials  encountered  during 
construction  are  classified  as  belonging  to  the  Chase  group  of  the 
Wolfcampian  series.  This  series  has  been  referred  to  in  older  publications 
as  the  "Big  Blue  Series."  It  represents  the  oldest  Permian  sedimentary 
sequence  in  the  state  of  Kansas.  The  Chase  group,  the  upper  bedrock  division 
of  the  Wolfcampian  series,  consists  of  alternating  argillaceous  limestones  and 
shales.  A  thickness  of  approximately  20 D  feet  of  bedrock  strata  were 
encountered  during  construction.  The  bedrock  formations  of  this  sequence  are 
the  Doyle  shale,  the  Barneston  limestone,  the  Matfield  shale  and  the  Wreford 
limestone.  For  the  generalized  geologic  column  see  figure  2.  A  geologic  map 
of  the  construction  area  is  shown  on  figure  3. 

b.  Overburden  materials  in  the  area  may  be  divided  into  three  types: 
(1)  residual  soil  mantle;  (2)  loess  deposits;  and  (3)  floodplain  alluvium. 
Residual  soils  are  thin,  generally  less  than  one  foot  thick.  They  are 
predominately  organic  clays  and  are  black  in  color.  These  soils  were  stripped 
and  placed  in  waste  areas.  The  loess  is  found  blanketing  the  higher 
elevations,  generally  above  elevation  1200  m.s.l.  The  maximum  thickness 
encountered  is  30  feet  in  the  vicinity  of  the  spillway  sill.  It  is  generally 
classified  as  a  lean  clay,  although  isolated  areas  of  silts  and  fat  clays  are 
also  found.  Loess  deposits  were  utilized  as  impervious  fill  in  the  blanket 
and  in  the  embankment.  It  is  a  heavy  clay  and  is  not  particularly  easy  to 
work.  It  was  generally  placed  in  the  blanket  areas  where  moisture  control  was 
not  required.  Maximum  thickness  of  the  alluvium  is  57  feet.  The  alluvial 
sands  are  generally  fine  grained  in  the  upper  20  feet  with  coarser  materials 
predominating  below  that  depth  at  an  approximate  elevation  of  1065  m.s.l.  The 
more  coarse  materials  are  generally  medium  grained  with  some  coarse  grained 
sands.  Gravel  deposits  are  spotty  and  particles  larger  than  3/8-inch  are 
absent.  Clay  layers  in  the  alluvium  appear  to  be  continuous  over  long 
distances  and  range  from  1  to  5  feet  in  thickness.  In  many  instances,  the 
clay  lrvers  are  mixed  with  a  layer  of  cobbles  and  boulders.  Clays  and  silts 
are  found  in  the  terraces  along  the  margins  of  the  valleys.  Much  of  this 
material  is  reworked  loess  transported  from  the  higher  elevations.  These 
terrace  areas  produced  the  major  portion  of  the  impervious  borrow  materials 
utilized  in  the  central  core  of  the  embankment. 

c.  Sand  of  the  upper  alluvium  excavated  from  the  downstream  borrow 
area  produced  the  major  portion  of  the  pervious  material.  A  considerable 
portion  of  the  random  material  was  also  obtained  from  this  area. 
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2-02.  Bedrock  Structure.  The  project  is  located  between  two  major 
structural  features;  the  Nemaha  arch  to  the  east  and  the  Sallna  basin  to  the 
west.  A  minor  structural  feature,  the  Abilene  anticline,  cuts  through  the 
upper  end  of  the  reservoir  area.  These  features  trend  generally  north-south; 
however,  they  are  deeply  buried  and  have  little  influence  on  the  surface  rocks. 
Regional  dip  is  five  to  ten  feet  per  mile  to  the  northwest.  Local  minor 
undulations  of  a  few  feet  commonly  occur  in  the  bedrock  strata.  With 
essentially  flat  lying  bedrock  excavation  operations  were  relatively  simple. 
Local  geologic  structure  had  little  effect  on  the  construction  operations. 

2-03.  Bedrock  Stratigraphy.  Rock  strata  outcropping  at  the  damslte,  from 
youngest  to  the  oldest,  are  described  in  the  following  paragraphs.  Laboratory 
test  data  is  shown  in  Table  -  8. 

a.  Doyle  Shale  Formation,  The  Doyle  Shale  Formation  represents  the 
youngest  bedrock  strata  in  the  vicinity  of  the  dam.  In  the  construction  area, 
only  the  two  lower  members  of  this  formation  are  present,  Towanda  limestone 
member  and  Holmesville  shale  member. 

(1)  Towanda  Limestone  Member.  The  Towanda  limestone  member  is 
approximately  15  feet  thick  in  the  vicinity;  however,  it  exists  primarily  in  a 
cap  rock  condition  and  the  thickness  varies  greatly.  The  upper  4  feet  is 
generally  a  soft,  friable  limestone,  light  gray  in  color,  clayey  and  thin 
bedded  giving  it  a  platy  appearance.  The  full  thickness  of  this  zone  is 
present  only  in  areas  of  thick  overburden.  This  zone  is  unconformable  with 
the  harder  limestone  zone  below  and  in  some  areas  It  forms  the  greater  portion 
of  the  member.  Towanda  limestone  is  easily  ripped  for  use  as  a  construction 
material.  Underlying  this  soft  upper  zone  is  an  interval  of  hard,  gray 
limestone  with  an  average  thickness  of  8  feet.  This  interval  varies 
considerably  in  thickness.  It  is  generally  massive  to  thick  bedded  and 
contains  numerous  fractures.  The  material  has  an  average  density  of  145 
pounds  per  cubic  foot  and  an  absorption  ranging  from  3  to  4  percent.  This 
zone,  although  discontinuous,  produced  the  best  limestone  material  excavated 
during  construction  with  regard  to  hardness  and  durability.  The  lower  zone 

of  the  Towanda  limestone  is  a  3-foot  thick  Interval  of  hard,  medium-bedded 
limestone.  A  solution  horizon  is  present  in  this  interval  varying  from  0  to 
2.7  feet  thick.  This  horizon  contains  heavily  weathered  limestone  and  a  soft, 
silty,  clay. 

(2)  Holmesville  Shale  Member.  The  Holmesville  member  in  this 
area  consists  of  18  feet  of  soft,  varicolored  clay  shale.  The  upper  4  feet  is 
yellowish  brown  and  contains  a  network  of  hard  calcareous  material.  The 
middle  consists  of  a  greenish  shale  with  a  distinct  red  horizon.  Horizontal 
cleavage  planes  are  well  developed  in  this  interval  as  well  as  vertical  and 
high  angle  Joints.  The  lower  portion  of  this  member  is  predominantly  dark 
gray  and  soft.  Two  distinct  limestone  beds,  0.8  feet  thick  in  this  zone,  form 
a  continuous  resistant  horizon  throughout  the  area.  It  is  well  exposed  along 
the  side  slopes  and  floor  of  the  spillway.  Holmesville  shale  was  used  as  shale 
and  limestone  fill. 
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b.  Barneston  Limestone  Formation..  The  Barne stone  formation  is  about 
80  feet  thick.  It  is  made  up  of  argillaceous  limestone  with  a  few  thin 
calcareous  shale  beds.  The  formation  is  divided  into  three  members:  The  Port 
Riley  limestone,  Oketo  shale,  and  the  Florence  limestone.  It  is  well  exposed 
along  the  walls  of  the  Republican  river  valley. 

(1)  Fort  Rilev  Limestone  Member  is  divided  into  five  zones: 

(a)  Zone  "A"  is  a  moderately  hard,  argil laceous ,  limestone, 
tan  to  brown  in  color  and  medium  bedded.  The  ledge  upon  exposure  and 
weathering  breaks  down  into  a  platy  structure  and  resembles  a  shale.  The 
general  thickness  is  15  feet.  This  zone  is  solutioned  which  exhibits  enlarged 
bedding  planes,  stained  joints,  and  cavities.  A  few  thin  shale  seams  are 
present  in  this  zone  and  are  characteristically  green,  laminated,  and  soft. 

In  many  instances  these  shale  seams  have  weathered  to  soft  clay,  particularly 
in  the  lower  portion  of  the  zone.  This  zone  is  capable  of  transporting 
groundwater  and  considerable  attention  was  given  to  it  during  grouting.  The 
downstream  key  of  the  spillway  sill  cuts  off  this  entire  zone.  The  zone  is 
above  groundwater  level  and  about  24  feet  above  conservation  pool  level. 

(b)  Zone  "B"  of  the  Fort  Riley  is  the  upper  of  two  resistant 
beds  forming  one  of  the  three  "rimrock"  ledges  which  outcrop  in  the  area.  It 
is  generally  5  feet  thick  and  is  "pock  marked"  by  numerous  vugs.  Generally, 
it  is  characterized  by  two  thick  beds  separted  by  an  open  bedding  plane.  This 
horizon  is  capable  of  carrying  seepage  but  is  situated  above  the  water  table 
and  supports  no  permanent  springs. 

(c)  Zone  "C"  is  10  feet  thick  and  its  dark  gray  color  makes 
it  an  excellent  marker  bed  for  correlation.  It  is  very  argillaceous, 
bordering  on  being  a  shale.  Occasional  vugs  similar  to  the  zone  above  are 
present,  many  of  these  exhibiting  secondary  calcite  mineralization. 

(d)  Zone  "D"  is  9.5  feet  thick,  moderately  hard,  tan,  pitted 
limestone.  It  is  massive  to  thick  massive  to  thick  bedded  with  distinct 
bedding  plane  located  5.5  feet  above  the  base.  The  density  of  this  zone 
averages  140  pounds  per  cubic  foot  with  an  absorption  ranging  from  8  to  12 
percent.  Upon  exposure,  the  lower  5.5  feet  case  hardens  and  the  color  changes 
to  white.  This  results  in  a  hard  white  limestone  at  the  outcrop,  gradually 
grading  back  to  the  original  softer  limestone  as  the  cover  increases.  This 
bed  is  locally  called  the  "white  ledge"  or  "rimrock"  ledge  and  has  been 
quarried  for  cut  stone  building  material  in  the  state  of  Kansas  for  the  last 
100  years.  The  ledge  was  quarried  at  this  project  for  use  as  riprap.  The 
bedding  plane  at  the  base  of  zone  "D"  is  also  a  seepage  zone  and  has  been 
enlarged  by  solutioning.  It  is  the  major  spring  zone  of  the  area  producing 
numerous  small  springs  in  the  larger  draws  in  the  vicinity  of  the  left 
abutment. 


(e)  Zone  "E"  marks  the  base  of  the  Fort  Riley  member  and 
consists  of  a  shaly  limestone  with  a  thickness  of  2  feet.  It  is  hard  and  tan 
and  contains  numerous  fossil  fragments.  Toward  the  outcrop  the  material  is 
thin  bedded  and  platy. 
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(2)  Oketa  Shale  Member.  Oketo  is  a  dark  gray,  calcareous  shale 
about  6  feet  thick  and  Is  an  excellent  marker  bed. 

(3)  Florence  Limestone  Member.  The  Florence  limestone  consists 
of  34  feet  of  argillaceous,  cherty,  limestone  with  thin  calcareous  shale 
layers  in  the  upper  part.  It  is  tan  in  color  with  dark  blue  to  occasionally 
purple  chert  nodules.  Like  the  Fort  Riley,  the  Florence  has  been  subdivided 
into  zones. 


(a)  Zone  "A"  is  a  medium  bedded  limestone  with  several 
calcareous  shale  beds.  An  abundance  of  chert  is  present  as  irregular  masses 
in  continuous  horizons.  The  shale  layers  are  practically  unrecognizable  in 
the  unweathered  state.  However,  like  the  "E"  zone  of  the  Fort  Riley  member, 
the  layers  become  distinct  when  exposed  to  weathering. 

(b)  Zone  "B"  of  this  member  is  a  massive  5-foot  thick  ledge 
which  is  free  of  chert.  It  is  somewhat  similar  to  the  "D"  zone  of  the  Fort 
Riley  in  that  it  is  pitted  and  exhibits  some  degree  of  case  hardening  when 
exposed.  This  ledge  forms  the  lower  rimrock  of  the  area  and  like  the  other 
rimrock  ledges,  has  an  associated  bedding  plane  at  its  base  that  is  considered 
a  seepage  horizon. 


(c)  Zone  "C"  is  a  10-foot  zone  of  argillaceous  limestone 
containing  the  highest  percent  of  chert  in  the  area.  It  is  tan  and  thick  to 
massive  bedded;  however,  it  spalls  rapidly  when  exposed. 

(d)  Zone  "D"  is  a  4-foot  transitional  zone  between  the 
cherty  Florence  limestone  and  the  underlying  shale.  It  consists  of  a  soft, 
very  argillaceous,  dark  gray  limestone  which  breaks  down  readily  upon 
exposure. 

c.  Matfield  Shale  Formation.  Consists  of  two  thick  shale  members; 
the  Blue  Springs  and  the  Wymore,  separated  by  the  Kinney  limestone  member. 

The  total  thickness  of  60  feet  was  exposed  in  the  outlet  works  excavation. 

(1)  Blue  Springs  Shale  Member.  The  Blue  Springs  shale  is  the 
upper  member  of  the  Matfield  shale  formation.  The  upper  portion  consists  of 
alternating  red  and  green  shales.  The  shale  is  clayey  and  soft  with  the 
exception  of  a  hard  limestone  bed,  1-foot  thick,  located  approximately  4  feet 
above  the  base.  This  zone  marks  the  upper  extent  of  gypsum  mineralization 
present  in  the  form  of  elongated  nodules  and  Irregular  masses,  red  in  color, 
associated  with  the  jointing.  The  lower  Blue  Springs  consists  of  12  feet  of 
dark  gray,  calcareous  shale  moderately  soft  with  thin,  discontinuous  satin 
spar  gypsum  usually  associated  with  the  numerous  horizontal  cleavage  planes 
that  are  well  developed  toward  the  base. 

(2)  Klnnev  Limestone  Member.  The  Kinney  limestone  is  a  hard, 
gray,  and  generally  massive  ledge  6.5  feet  thick.  Isolated  gypsum  masses  up 
to  4  Inches  in  diameter  are  scattered  at  random  in  this  ledge.  This  limestone 
was  observed  in  the  stilling  basin  section  of  the  outlet  works  excavation. 
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(3)  Wymore  Shale  Member.  The  upper  part  (Zone  A)  consists  of  a 
hard  calcareous  weather  resistant  shale  containing  horizontal  cleavage  planes. 
The  lower  part  (zone  B)  is  a  soft  clay  shale  predominately  green  in  color  with 
a  red  layer  and  a  thin  purple  layer.  The  lower  portion  becomes  increasingly 
more  calcareous  and  harder  toward  the  base.  A  gypsum  seam  was  observed,  in 
the  form  of  satin  spar,  in  the  lower  portion.  This  seam  is  undulated  slightly 
and  showed  minute  displacement  in  one  area;  however,  there  was  no  indication 
of  displacement  of  the  adjacent  materials.  This  seam  was  tight  and  no 
evidence  of  solutioning  was  observed.  At  the  contact  with  the  upper  part,  the 
shale  had  been  softened  by  ground  water  and  several  small  springs  emitted  from 
this  horizon  in  the  downstream  and  riverward  slopes  of  the  stilling  basin 
excavation. 

d.  Wreford  Limestone  Formation.  The  upper  limestone  member,  the 
Schroyer,  was  encountered  in  the  lower  portion  of  the  stilling  basin 
excavation.  The  two  lower  members  of  this  formation;  the  Havensville  shale 
and  the  Three  Mile  limestone  are  below  required  excavation.  The  Schroyer 
limestone  is  approximately  10  feet  thick.  The  upper  3  feet  consists  of  a 
single  massive  limestone  ledge;  hard  and  light  gray  to  white  in  color.  The 
remainder  of  the  Schroyer  consists  of  a  moderately  hard,  dark  gray, 
argillaceous  limestone  with  two  dark  gray  chert  horizons  in  irregular  masses 
similar  to  those  found  in  the  Florence  limestone.  Numerous  gypsum  nodules  up 
to  4  inches  in  diameter  are  scattered  throughout.  The  content  of  gypsum  in 
the  Schroyer  is  very  high,  far  exceeding  any  other  interval  encountered. 

There  is  no  particular  pattern  to  these  masses.  However,  a  high  concentration 
of  gypsum  was  associated  with  and  incorporated  within  the  chert.  With  the 
exception  of  a  thin,  cherty,  gray  limestone  (0.8  feet  thick)  the  lower 
Schroyer  becomes  more  argillaceous  toward  the  base  with  an  overall  decrease  in 
hardness.  Thin  satin  spar  gypsum  seams  were  noted  in  the  lower  part  beneath 
the  thin  limestone. 
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FOUNDATION  CONDITIONS  AND  TREATMENT 
3-01 .  Grouting  General. 

a.  Preliminary  Investigations  prior  to  construction  indicated  some 
seepage  through  the  abutment  bedrock  might  be  expected.  During  the  drilling 
of  initial  borings,  high  or  total  losses  of  drilling  fluid  occurred.  For  a 
layout  of  the  entire  drilling  program  see  figure  18  and  plates  No's.  13  and 
14.  Through  a  study  of  the  bedrock  cores  and  pressure  test  data,  it  was 
possible  to  establish  the  potential  seepage  pattern.  Six  core  borings  were 
pressure  tested,  (see  table  9  Pressure  Test  Data.)  Of  these  borings,  2  were 
drilled  on  the  right  abutment,  2  on  the  left  abutment,  and  2  in  the  spillway 
area.  Examination  of  the  drill  core  and  comparison  of  pressure  test  data 
indicated  a  foundation  leakage  potential  in  the  Fort  Riley  limestone  more 
severe  than  those  usually  encountered  in  the  Kansas  City  District.  Seepage 
through  open  joints  was  found  to  be  negligible,  with  the  exception  of  areas 
immediately  adjacent  to  outcrop  faces  or  just  below  the  top  of  bedrock.  The 
major  seepage  was  found  in  openings  along  bedding  planes.  Three  of  the  four 
major  seepage  zones  were  directly  associated  with  the  prominent  rimroek  ledges 
previously  described;  the  B  and  D  zones  of  the  Fort  Riley  and  the  B  zone  of 
the  Florence.  These  zones  are  in  essence  enlarged  bedding  planes.  The 
solution  zone  of  the  "A",  upper  zone  of  the  Fort  Riley,  is  not  associated  with 
an  outcrop  ledge.  With  a  pattern  established,  a  reasonable  prediction  could 
be  made  as  to  seepage  potential  of  the  various  areas,  greatly  simplifying  the 
remainder  of  the  testing  program.  A  test  grouting  program  wa3  performed  by 
Government  personnel  prior  to  construction  in  1962.  A  full  report  on  the  test 
grouting  is  given  in  Supplement  A,  (located  in  the  back  part  of  this  manual). 

A  summary  of  Test  Grouting  is  shown  in  Table  -  10.  The  test  sections  extended 
from  station  82+20  to  station  88+64  on  the  right  abutment  and  from  station 
143+00  to  station  151+00  on  the  left  abutment.  These  sections  were  completed 
as  a  single  line  curtain  penetrating  to  a  depth  of  125  feet  to  a  general 
elevation  of  1085  m. s.l.  The  grout  curtain  extended  from  the  Towanda 
limestone  member  downward  to  just  into  the  Blue  Springs  shale  member.  The 
grout  holes  were  3  inches  in  diameter  and  were  drilled  vertically  to  the 
desired  depth.  Pressure  testing  and  the  stop  grouting  were  accomplished  by 
setting  packers  in  the  lowest  portion  of  the  hole  and  resetting  the  packer  at 
intervals  progressively  upward.  Pressures  were  generally  1.5  -  2.0  pounds  per 
foot  of  vertical  depth  including  the  column  pressure.  The  water  cement  ratio 
of  the  grout  mixes  varied  from  0.6:1  to  4:1.  Primary  holes  were  drilled  on  80 
foot  centers.  As  drilling  operations  progressed,  the  spacing  was  reduced  to 
40  feet.  The  grout  takes  were  not  excessively  high.  The  predicted  horizontal 
zones  showed  openings  to  some  degree. 

b.  Secondary  holes  split-spaced  the  primaries,  reducing  the  hole 
spacing  along  the  curtain  to  20  feet.  Grout  placement  in  the  secondaries,  in 
general,  showed  a  marked  reduction.  A  tertiary  hole  series  was  then  drilled 
reducing  the  grout  hole  spacing  to  10  feet.  The  grout  curtain  test  sections 
were  essentially  completed  at  this  10-foot  center  to  center  spacing  although 
some  quaternary  holes  were  drilled  along  the  line. 
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c.  Angle  holes.  As  an  additional  check,  angle  holes  were  drilled 
along  the  line.  These  were  either  tight  or  experienced  negligible  grout 
takes.  To  check  the  feasibility  of  the  stage  grouting  method  some  holes  were 
grouted  in  this  manner,  and  it  was  found  to  be  successful.  For  location  of 
these  sections  see  figure  19. 

3-02.  Right  Abutment  Grout  Curtain.  Initial  contract  grouting 
operations  were  started  in  February  1963*  The  excavation  of  the  right 
abutment  cutoff  had  been  virtually  completed  with  the  foundation  excavation 
for  the  conduit  approximately  3  feet  above  grade  and  grouting  was  performed 
from  top  of  bedrock.  The  right  abutment  curtain  extended  along  the  dam 
centerline  from  station  90+80,  a  point  80  feet  riverward  of  the  conduit 
centerline,  across  the  foundation  and  up  the  cutoff  slope  to  the  top  of  the 
abutment  at  station  88+25,  overlapping  the  test  section.  All  grouting  was 
completed  by  the  stage  method,  i. e. ,  the  hole  was  drilled  at  an  angle  of  30 
degrees  (from  vertical)  to  either  a  specified  depth  or  to  a  zone  of  open 
conditions.  The  hole  was  then  pressure  tested  and  grouted.  The  hole  was  then 
deepened  and  the  process  repeated.  The  curtain  was  divided  into  two  zones  in 
the  slope  portion  of  the  line.  All  drilling  was  accomplished  with  a  CP  65 
portable  drill  either  mounted  on  a  platform  wagon  or  attached  to  a  grouted 
nipple.  (See  photos  42  thru  44).  The  right  abutment  curtain  was  divided  into 
three  sections  for  the  grouting  operations.  This  was  done  on  the  basis  of 
access  to  the  work  areas.  For  location  of  the  grout  curtain  and  its  sections 
see  figures  19  and  20.  The  grout  plant  was  standard  grouting  layout  equipped 
with  a  20  cubic  feet  mixing  vat,  water  meter  and  slush  pump  with  a  rated 
capacity  of  50  g. p.m.  at  150  pounds  of  pressure  per  square  inch  (see  photo 
47).  All  couplings  and  fittings  were  1.5  inch  ID.  The  grout  tree  of  the 
header  was  equipped  with  bypass,  bleeder  valve  and  pressure  gage.  Gages  used 
in  most  cases  were  30  pound  maximum  gages.  Pressure  testing  was  accomplished 
through  the  header  with  a  water  meter  inserted  between  the  hole  and  the  header 
in  the  line  (see  photos  42  thru  44).  The  grout  curtain  sections  were 
completed  satisfactorily  and  a  relatively  tight  curtain  was  achieved.  A 
summary  of  contract  grouting  is  shown  on  Table  -11. 

a.  Section,!. 

( 1 )  Primary  holes.  Section  1  included  that  portion  of  the 
curtain  beneath  the  conduit  foundation  from  its  riverward  extent  to  the  toe  of 
the  cutoff  slope.  The  primary  holes  were  drilled  on  10  foot  centers  and  all 
holes  were  drilled  to  the  bottom  of  the  curtain  with  no  indication  of  open 
conditions.  These  holes  penetrated  the  lower  Blue  Springs  shale,  the  Kinney 
limestone  and  the  upper  Wymore  shale.  Drilling  was  done  with  an  E  size  bit 
(1-1/2-lnch  diameter).  If  anticipation  of  a  tight  zone  is  possible  the  zone 
of  section  I  appeared  to  be  that.  The  first  open  joint  had  been  found  in  the 
foundation  of  the  approach  slab  some  400  feet  upstream  and  there  was  no 
Indication  that  this  condition  was  more  than  a  very  localized  condition.  As  a 
check  on  these  initial  holes,  a  washing  operation  of  air  and  water  was  used 
(see  photos  42  thru  44).  The  wash  water  return  from  some  of  the  holes  was  a 
dark  gray  color  similar  to  the  lower  Blue  Springs  shale.  This  was  attributed 
to  soft  shale  cuttings  within  the  holes;  however,  it  was  these  holes  in 
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particular  which  had  significant  grout  "takes."  Later  information  obtained  on 
clay  filled  openings  in  this  shale  during  foundation  preparations  lead  to  the 
assumption  that  washing  had  cleaned  out  the  clay  filling  of  the  joints  and 
allowed  higher  grout  takes. 

(2)  Pressure  test.  Grouted  nipples  2.0  feet  in  length  were  set 
and  the  process  of  grouting  and  pressure  testing  started  moving  riverward 
along  this  section.  Initial  pressures  on  the  first  holes  were  maintained  at 
1.0  psi  per  lineal  foot  of  hole  including  the  column  pressure.  However,  as 
operations  progressed  riverward  on  successive  holes  and  the  grout  takes 
increased  the  pressure  was  reduced.  Free  communication  of  grout  along  the 
line  was  experienced  first  as  dark  gray  water  and  then  grout  appeared.  For 
the  grout  takes  and  conditions  enco'"'  «red  in  section  I,  see  figure  21 .  With 
consideration  of  possible  hydraulic  jacking,  the  unknown  depth  and  conditions 
of  the  openings  encountered,  it  was  decided  to  drill  the  secondary  series  in 
three  stages.  The  first  stage  was  to  a  depth  of  9  feet.  The  second  stage 
from  depths  of  9  to  15  feet,  and  the  third  stage  to  the  bottom  of  the  grout 
curtain. 


(3)  The  secondary  series  split  the  primary  spacing  reducing  the 
center  to  center  spacing  along  the  grout  line  to  5  feet.  Pressures  were 
maintained  at  3  psi.  For  the  first  stage,  the  desired  low  pressure  was 
attained  by  gravity  flow  from  the  grout  plant.  The  bedrock  was  tight.  The 
second  stage  was  then  drilled  and  the  grouting  was  accomplished  with  5  psi  of 
pressure.  Again  open  hole  conditions  were  encountered  with  communication 
between  some  holes.  As  a  final  check  tertiary  holes  were  drilled  to  the 
entire  depth  of  the  line.  The  bedrock  was  tight  and  the  section  was 
completed.  When  foundation  cleanup  operations  reached  this  area,  it  was 
observed  that  many  of  the  open  joints  contained  grout  as  far  as  50  feet 
upstream  and  downstream  from  the  grout  line.  However,  these  were  thin  Joints 
and  no  evidence  of  the  relatively  large  grout  takes  was  apparent.  The 
excavation  for  the  outlet  works  structure  was  dry  and  conditions  are 
apparently  tight  (see  photos  45  and  46).  A  six-inch  diameter  core  hole  was 
drilled  through  the  grout  line  at  station  90-1-44  and  no  grout  was  encountered, 
indicating  that  no  horizontal  jacking  had  occurred. 

b.  Section  II 

(1)  Primary  holes.  Section  II,  the  slope  section  of  the  grout 
curtain  extended  almost  the  entire  length  of  the  IV  on  1H  back  slope  of  the 
right  abutment  cutoff.  Access  to  this  section  was  difficult.  This  problem 
was  solved  by  building  a  wooden  stairway  the  entire  length  of  the  cut.  A 
power  winch  was  anchored  at  the  top  of  the  cut  and  a  rubber  tired  platform  was 
pulled  up  the  slope  by  means  of  a  cable.  The  drill  was  mounted  to  this 
platform  and  drilling  operations  were  completed  using  this  setup.  The  upper 
zone  of  section  II  was  7  feet  in  depth.  The  holes  were  drilled  with  an  NX  bit 
to  facilitate  an  NX  packer  for  grouting  the  lower  zone.  The  hole  size  was 
reduced  to  1-1/2  inch  diameter  or  "E"  size  from  that  point  to  the  bottom  of 
the  hole.  Grout  takes  in  the  lower  portion  of  the  slope  were  negligible. 
However,  some  takes  associated  with  the  anticipated  seepage  zones  were 
experienced.  The  upper  portion  of  the  slope  did  present  some  difficulties  in 
the  grouting  operation  as  the  A  zone  of  the  Fort  Riley  limestone  and  one  zone 
of  the  Holmesville  shale  required  slush  grouting  and  caulking  (see  figure  22). 
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(2)  Pressure  test.  Pressures  in  the  upper  zone  of  section  II 
were  generally  between  2  and  5  psi.  During  the  grouting  of  the  lower  zone 
pressures  varied  from  10  to  60  psi.  The  amount  of  grout  injected  in  this  zone 
was  less  than  had  been  anticipated.  Voids  in  the  bedrock  in  this  section  were 
probably  partially  grouted  during  the  early  experimental  grouting  nearby. 
Section  III  served  as  an  overlapping  interval  of  the  test  section.  The  holes 
of  this  section  were  drilled  at  an  angle  of  30  degrees  to  the  vertical  and 
penetrated  an  area  previously  grouted  during  the  early  test  program.  The 
holes  were  drilled  into  the  C  zone  of  the  Florence,  penetrating  all  of  the 
major  seepage  zones.  Some  small  takes  were  experierced;  however,  the  major 
problem  was  in  the  Towanda  limestone  which  is  at  the  surface.  This  member, 
with  numerous  open  bedding  planes  and  fractures,  was  difficult  to  grout.  For 
details  of  grout  sections  II  and  III  see  figure  22.  In  general,  the  right 
abutment  curtain  was  completed  on  a  hole  spacing  of  10  feet.  The  grouting  of 
section  I  did  require  a  smaller  interval,  and  in  some  areas  section  II  and  III 
were  grouted  with  a  secondary  series  in  areas  where  grout  takes  were 
experienced. 


3-03.  Left  Abutment  Grout  Curtain. 

a.  Description.  The  left  abutment  grout  curtain  extends  from  station 
142+00  to  station  143+78.  The  grouting  zones  are  similar  to  those  of  the  , 
right  abutment  with  the  slope  portion  being  divided  into  two  zones.  For  the 
location  of  this  area  and  its  sections  see  figure  23.  The  bedrock  units 
grouted  in  this  area  are  the  same  units  grouted  in  the  right  abutment  with  the 
exception  that  the  backslope  is  at  a  lower  elevation  and  the  Fort  Riley  Zone  D, 
the  Holmesville  shale,  and  the  Towanda  limestone  are  not  present.  The  bench 
on  the  Blue  Springs  shale  was  grcuted.  This  bench  area  designated  as  section 

I  extended  from  the  lip  of  the  bench  to  the  toe  of  the  back  slope  of  the 
cutoff.  All  holes  in  this  area  were  drilled  the  entire  zone  depth  and  similar 
grouting  operations  were  used.  Pressure  testing  and  grouting  operations  in 
section  I  indicated  that  the  bedrock  was  relatively  tight.  Holes  in  this 
section  penetrated  the  Blue  Springs  shale,  the  Kinney  limestone  and  into  the 
upper  Wymore  shale.  For  the  conditions  encountered  in  this  section  see  figure 
23.  Section  II  completed  the  left  abutment  curtain  extending  up  the  backslope 
and  overlapped  the  completed  left  abutment  test  section.  The  slope  portion 
was  grouted  in  two  zones.  The  upper  zone,  with  a  depth  of  7  feet,  was  drilled 
with  an  NX  size  bit  to  facilitate,  a  packer  for  grouting  the  lower  zone.  An 
"E"  size  of  1 .5  inch  diameter  hole  was  drilled  to  the  bottom  of  the  curtain. 

b.  Grout  Injection  in  section  II  of  the  left  abutment  grout  curtain 
was  negligible.  Some  caulking  of  open  joints  was  necessary  on  the  slope; 
however,  there  were  no  unusual  problems.  The  grout  plant  was  a  standard 
grouting  layout  equipped  with  a  20  cubic  feet  mixing  vat,  20  cubic  feet 
storage  vat,  water  meter  and  slush  pump  with  a  rated  capacity  of  50  g. p.m.  at 
150  pounds  of  pressure  per  square  inch  (see  photo  47).  All  couplings  and 
fittings  were  1 .5  inch  ID.  The  grout  tree  of  the  header  was  equipped  with 
bypass,  bleeder  valve  and  pressure  gage.  Gages  used  in  most  cases  were  30 
pound  maximum  gages.  Pressure  testinc  was  accomplished  through  the  header 
with  a  water  meter  inserted  between  the  hole  and  the  header  in  the  line  (see 
photos  42  thru  44).  The  grout  curtain  sections  were  completed  satisfactorily 
and  a  relatively  tight  curtain  was  achieved. 
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CHAPTER  4 


OUTLET  WORKS 


4-01.  Excavation  General.  The  excavation  of  the  bedrock  material  from 
the  outlet  works  area  was  accomplished  with  an  electric-powered  Marion  shovel 
with  a  dipper  capacity  of  7.5  cubic  yards.  Hauling  equipment  consisted  of 
Euclid  end  dump  trucks  with  a  capacity  of  30  cubic  yards.  A  Northwest  95 
crane  was  al3o  employed  in  excavating  the  stilling  basin  area  and  dressing 
slopes.  Scraper  equipment  was  used  to  dig  the  intake  channel  and  portions  of 
the  outlet  channel.  The  major  portion  of  the  bedrock  material  excavated  from 
this  area  was  placed  in  the  shale  and  limestone  zone  of  the  upstream  blanket. 
Later,  as  the  embankment  progressed  the  material  was  placed  in  the  shale  and 
limestone  fill  zone  of  the  embankment.  The  outlet  works  excavation  was 
completed  in  8  lifts  with  86  shots  using  approximately  260,000  pounds  of 
explosives.  The  rock  excavation  totaled  approximately  535,000  cubic  yards. 

The  excavation  was  made  in  the  right  abutment  extending  1,800  feet  (from 
approximately  700  feet  upstream  of  the  dam  centerline  to  1,100  feet 
downstream).  The  excavation  encountered  all  members  of  the  local  geologic 
column.  The  cut  slopes  varied  from  0.5V  on  1H  to  IV  on  1.5H.  Lift  diagrams 
are  shown  on  figures  27  thru  31 •  The  slopes  of  the  cutoff  and  the  approach 
channel  were  pre-split.  The  other  slopes  were  cut  by  conventional  blasting 
methods.  The  two  blasting  methods  will  be  discussed  later  in  the  report.  In 
the  upper  portion  of  the  cutoff  area  the  Towanda  and  Holmesville  members  were 
ripped  with  a  D-9  dozer.  Blasting  operations  were  started  in  that  area  at  the 
top  of  the  Fort  Riley  member.  The  thin  residual  overburden  and  the  outer 
portion  of  the  Blue  Springs  shale  were  excavated  with  scrapers.  The  remainder 
of  the  cut  required  blasting. 

4-02.  Primary  Blasting. 

a.  General.  The  primary-blast  lifts  were  limited  to  a  depth  of  26 
feet  by  the  capacity  of  the  rotary  drill  used  for  drilling  the  blast  holes. 
This  drill,  a  Chicago  Pneumatic  705,  used  a  rock  bit  4.5  inches  in  diameter. 
The  drilling  rate  for  this  equipment  ranged  from  200  to  300  feet  per  hour  with 
an  average  rate  of  250  feet  per  hour.  The  Contractor  attempted  to  bottom  the 
lifts  immediately  below  the  hard  and  more  massive  ledges.  The  bottom  of  the 
lifts  reflected  the  slight  dip  of  the  bedrock.  Air  trac  drills  with  a  2.5 
inch  diameter  rock  bit  were  also  used  for  drilling  primary  blast  holes.  In 
the  lifts  involving  the  cherty  Florence  limestone,  the  rotary  drill  was  unable 
to  penetrate  satisfactorily.  Elsewhere  in  the  primary  blasting,  air  trac 
drills  were  used  when  not  needed  in  drilling  pre-split  holes.  The  smaller 
diameter  holes  drilled  with  this  equipment  required  a  closer  shot  pattern 
spacing.  The  blasting  agent  used  for  the  bulk  of  the  excavation  was  ammonium 
nitrate  with  a  dynamite  primer.  One  stick  of  40  percent  dynamite  was  used  in 
the  initial  blasting;  later  one  stick  of  60  percent  dynamite  was  used.  The 
typical  loading  column  for  primary  blasting  is  shown  on  figure  4.  Electric 
delay  caps  were  used  as  detonators  with  a  25  mili-second  delay  interval.  A 
typical  shot  used  delays  ranging  from  Instant  to  number  5.  Primacord  was 
used  for  some  shots,  but  this  was  generally  only  when  wet  conditons  were 
encountered.  The  ammonium  nitrate  was  poured  and  tamped  into  the  holes 
generally  to  within  four  feet  of  the  top  of  the  hole  and  the  remainder  of  the 
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hole  was  stemmed  with  rock  dust.  In  wet  holes,  the  nitrate  was  first  put  Into 
plastic  bags  and  then  placed  in  the  hole.  This  method  was  replaced  in  later 
shots  by  use  of  a  commerically  tubed  nitrate  called  "Dynatex."  Most  of  the 
shots  in  the  stilling  basin  area  below  the  flood  plain  level  were  made  with  a 
gelatine  dynamite  with  strengths  ranging  from  40  to  60  percent  in  standard 
stick  size.  A  45  percent  gelatine  dynamite  with  a  high  water  resistance  in 
4  x  8-inch  sticks  was  used  when  extremely  wet  conditions  were  encountered. 

b.  Shot  patterns  and  loadings  varied  with  the  bedrock  conditions  in 
the  various  lifts.  Each  shot  was  recorded  as  shown  on  figure  5.  The  blasting 
record  listing  each  shot  for  the  outlet  works  excavation  is  shown  on  tables  1 
thru  7. 


(1)  Lift  1 .  The  "A"  zone  of  the  Fort  Riley  limestone  was  shot 
separately  in  the  first  lift  with  a  pattern  spacing  of  7  x  9  feet  and  a  powder 
factor  of  1 .2  pounds  of  explosive  per  cubic  yard  of  rock.  This  lift  was 
"overshot"  and  adjustments  were  made  in  succeeding  lifts.  The  "B"  and  "C" 
zones  of  the  Fort  Riley  were  shot  together  in  one  lift  and,  although  this  was 
a  slightly  harder  interval  than  the  upperlift,  the  powder  factor  was  reduced 
to  0.9  pounds  per  cubic  yard  using  a  shot  pattern  of  9  x  12  feet.  When 
excavated,  this  lift  showed  improvement,  particularly  in  the  reduction  of 
overbreak  in  the  back  slope. 

(2)  Lift  2.  The  second  lift  included  the  deepest  shots  made 
during  the  excavation  in  this  area  involving  the  "D"  and  "E"  zones  of  the  Fort 
Riley,  Oketo  shale,  and  "A"  and  "B"  zones  of  the  Florence  limestone.  This 
lift  was  also  shot  with  a  powder  factor  of  0.9  pounds  per  cubic  yard  with  a 
pattern  of  7  x  9  feet.  This  pattern  and  loading  resulted  in  considerable 
oversize  material,  requiring  secondary  breakage,  chiefly  from  the  two  rimrock 
ledges  involved.  The  influence  of  the  joints  in  the  Florence  member  were 
notable  in  the  back  slopes  of  this  shot  resulting  in  the  formation  of  benches 
and  vertical  faces.  This  condition  was  not  observed  in  the  slopes  that  had 
been  pre-split. 

(3)  Lifts  3  and  4.  The  remainder  of  the  Florence  limestone  was 

shot  in  the  third  and  fourth  lifts.  The  "C"  zone  was  very  susceptible  to 

fracture  and  with  blasting  experience  gained  in  the  left  abutment  cutoff  (shot 
No.  29)  the  fourth  lift  was  shot  with  a  considerably  lower  powder  factor  of 

0.65  pounds  per  cubic  yard,  on  a  pattern  spacing  of  9  x  12  feet  with  good 

breakage  and  baok  slope  conditions. 

(4)  Lift  5.  The  "A"  zone  of  the  Blue  Springs  shale  was  shot  in 
lift  five  (shots  68  thru  71).  Because  this  was  a  soft  shale  material,  the 
pattern  spacing  was  increased  to  10  x  14  feet  and  the  powder  factor  reduced  to 
0.55  pounds  per  cubic  yard.  The  depth  was  governed  by  the  foundation  grade 
and  the  restrictions  of  blasting  above  it,  particularly  in  the  tower  area. 
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(5) 


(a)  Blue  Springs  shale.  The  remaining  shots  involved 
excavation  of  the  stilling  basin.  Dynamite  was  used  in  this  area  due  to  the 
harder  limestone  zones  of  this  interval  and  water  problems.  The  lower  Blue 
Springs  shale  was  shot  in  one  lift.  The  shot  pattern  was  reduced  from  the 
preceding  lift  to  a  spacing  of  8  x  12  feet  and  the  powder  factor  was  increased 
to  0.6  pounds  per  cubic  yard. 


shale  were  shot  in  one  lift.  Because  of  the  relative  hardness  of  the  Kinney 
limestone,  the  shot  pattern  spacing  was  further  reduced  to  a  spacing  of  6  x  10 
feet  and  the  powder  factor  increased  to  0.7  pounds  per  cubic  yard.  This  lift 
resulted  in  some  significant  overbreaks  in  the  side  slopes  of  the  stilling 
basin  excavation.  The  remainder  of  the  Wymore  shale  interval  and  the  upper 
Schroyer  limestone  were  shot  in  the  succeeding  lift  with  a  pattern  of  9  x  12 
feet  and  a  powder  factor  of  0.4  pounds  per  cubic  yard.  The  shale  interval 
presented  no  problems  in  excavation;  however,  the  hard  ledge  in  the  Schroyer 
below  had  to  be  re-shot  with  the  next  lift. 

(c)  The  Schrover  limestone  near  the  base  of  the  stilling 
basin  excavation  was  shot  with  a  pattern  spacing  of  6  x  8  feet  with  45  percent 
dynamite  and  a  powder  factor  of  0.8  pounds  per  cubic  yard.  Final  grade  was 
obtained  with  "adobe"  shooting  the  last  2  feet  of  the  lift.  The  results  of 
this  method  were  generally  good  although  isolated  areas  required  the  removal 
of  fractured  limestone.  These  areas  were  few  and  shallow. 

c.  Pre-split  blasting.  Pre-split  blasting  was  employed  in  the 
excavation  of  the  cutoff  area  slopes  and  in  the  approach  channel  area  adjacent 
to  the  intake  tower  structure.  These  areas  are  shown  on  figures  27  thru  31 . 
The  results  obtained  by  this  technique  ranged  from  satisfactory  to  excellent. 

(1)  Experiments  throughout  the  work  produced  only  minor 
variations  in  the  finished  slopes.  The  main  problem  was  the  primary  blasting. 
Changes  in  the  stemming,  loading  and  spacing  of  the  holes  in  the  pre-split 
line  sometimes  resulted  in  excessive  heaving  and  fracturing,  creating  a 
problem  of  drilling  shot  holes  for  the  excavation  blasting.  The  fracturing  of 
the  primary  blast  area  can  also  present  problems  in  shooting  when  ammonium 
nitrate  is  used,  as  at  this  project,  where  blasting  efficiency  depends  on 
tight  shot  holes.  The  pre-split  blasting  of  the  outlet  works  was  done  making 
use  of  experience  gained  in  test  shots  made  in  the  left  abutment  area.  These 
shots  were  made  to  determine  the  most  effective  column  loading  and  to  minimize 
excessive  heaving  and  fracturing.  As  work  progressed,  the  center  to  center 
spacing  was  increased  and  ultimately  pre-split  shots  and  primary  blasting  was 
combined  utilizing  delays.  This  method  is  called  "pre-split  delay.”  It  is 
the  only  change  from  the  test  shot  in  which  the  column  loading  was  established 
and  was  employed  as  an  economy  measure. 

(2)  Equipment.  Chicago  Pneumatic,  air  trac  drills  with  three- 
inch  diameter  standard  rock  bits  were  used  on  all  pre-split  drilling.  The 
cutoff  slope  holes  were  drilled  at  an  angle  of  25  degrees  from  the  vertical. 
All  holes  were  drilled  "on  grade."  The  usual  problems  of  angle  drilling  were 
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encountered  such  as  maintaining  proper  alinement  and  hole  depth.  Specified 
angles,  however,  were  "held"  remarkably  well.  Drilling  rates  varied  from  leas 
than  10  feet  per  hour  to  a  maximum  of  120  feet  per  hour.  The  overall  average 
dril’^ng  rate  was  approximately  50  feet  per  hour. 

(3)  Blasting.  A  30-inch  center  to  center  spacing  along  the  pre¬ 
split  line  was  used  successfully  from  the  first  shot.  This  spacing  was  later 
increased  to  42  inches  and  resulted  in  little  difference  in  the  finished 
slopes.  Upon  excavation  it  was  found  that  "bit  drift"  had  resulted  in  an 
average  angle  of  48  degrees  in  holes  started  at  a  45  degree  angle,  or  a 
deviation  of  3  degrees.  The  greatest  deviation  was  7  degrees  or  a  52  degree 
angle.  These  deviations  due  to  "bit  drift"  were  found  to  begin  at  a  depth  of 
approximately  20  feet.  Drilling  errors  produced  occasional  undercuts  and 
overcuts;  however,  these  were  sporadic  and  generally  within  specified 
tolerances.  Initial  pre-split  shots  were  made  in  the  left  abutment  cutoff 
area  with  the  number  of  holes  held  to  a  minimum  in  each  shot.  Standard 
loading  consisted  of  one  stick  of  40  percent  dynamite  tied  at  the  end  of  a 
branch  line  of  Primacord  cut  to  a  length  corresponding  to  the  depth  of  the 
shot  hole.  Full  or  half  sticks  of  40  percent  dynamite  were  taped  at  specific 
intervals  to  the  Primacord  completing  the  explosive  column  as  shown  in  figure 
6.  After  holes  were  blown  clean,  these  explosive  strings  or  "pig  tails"  were 
lowered  into  the  hole  and  stemmed  at  the  top,  generally  with  dry  rock  dust,  as 
shown  in  figure  6.  Loading  difficulties  were  experienced  depending  upon  hole 
conditions.  Water  was  used  as  a  lubricant  to  ease  loading  in  some  holes.  The 
branch  lines  were  then  tied  to  the  main  truck  line  and  detonated  by  an  electric 
cap.  More  than  one  cap  was  sometimes  placed  in  the  trunk  line.  The  explosive 

string  in  each  hole  was  generally  identical  for  an  entire  shot.  The  explosive 

column  varied  in  the  spacing  of  the  individual  dynamite  sticks.  The  loading 
columns  of  these  test  shots  are  shown  in  figure  6.  The  finished  slope  of  each 
test  shot  was  identical  but  the  heave  and  fracture  of  the  primary  blasting  area 

did  vary.  The  stemming  and  explosive  column  of  each  test  shot  were  adjusted 

and  the  third  shot  was  used  as  a  basis  for  subsequent  pre-splitting.  Photo  4 
shows  a  successful  pre-split  shot  made  for  the  second  lift  of  the  left  abutment 
cutoff.  The  first  shots  were  to  a  depth  of  25  feet,  penetrating  the  Fort  Riley 
and  the  Oketo  members.  For  the  second  lift  in  areas  being  pre-split,  a  work 
area  four  feet  wide  was  required  (see  figure  7).  These  benches  mark  the  top  of 
each  lift  in  the  finished  slopes;  however,  they  were  eliminated  in  the  approach 
channel  area  by  pre-splitting  the  entire  lift. 

d.  Pre-split-delav  blasting. 

( 1 )  Description.  Standard  pre-split  loading  procedures  were  used 
in  pre-split-delay  shooting.  The  difference  between  the  two  techniques  is 
that  in  standard  pre-splitting  the  pre-split  row  is  shot  prior  to  the  loading 
and  in  some  cases  the  drilling  of  the  primary  blast  holes  while  in  the  pre¬ 
split  method  the  pre-split  row  and  the  primary  blast  holes  are  detonated 
together  employing  delays.  The  pre-split  holes  are  detonated  by  an  instant 
caps  connected  to  the  trunkline  Primacord,  or  where  a  great  number  of  pre¬ 
split  holes  is  required,  instant  caps  are  attached  at  each  end  assuring 
instant  detonation  throughout  the  row.  The  front  row  or  face  holes  are  also 
detonated  instantly  with  the  pre-split  row  and  successive  primary  rows  are 
progressively  delayed  toward  the  slope  (see  figure  8).  At  this  project  the 
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greatest  delay  employed  between  the  back  row  and  the  pre-split  row  was  a 
number  4  delay  or  100  milliseconds.  The  pre-split  holes  were  generally 
drilled  deeper  than  those  of  the  primary  series  as  shown  on  figure  7.  Only 
the  portion  of  the  slope  corresponding  to  the  depth  of  the  primary  blast  holes 
was  subjected  to  delayed  pre-splitting.  The  portion  of  the  slope  below  the 
primary  blasting  areas  was  left  undisturbed  as  the  remainder  of  the  slope  was 
pre-split  to  the  desired  depth.  After  the  lift  was  "mucked  out"  primary 
blasting  was  then  employed  to  remove  the  remaining  material  as  in  the  standard 
pre-split  procedure. 

(2)  The  back  row  of  primary  blast  holes  was  no  closer  than  two 
feet  above  the  pre-split  fracture  zone.  This  interval  appeared  sufficient  for 
both  types  of  pre-splitting.  The  interval  was  particularly  critical  in  the 
pre-split-delay  procedure  with  the  possibility  of  this  row  "kicking"  downward, 
due  to  fracture  and  lift  adjacent  to  the  pre-split  fracture  zone. 

(3)  The  use  of  the  pre-splitting  technique  resulted  in  relatively 
smooth  slopes  in  the  cutoff  areas  of  the  abutment  for  the  embankment  tie  in 
(see  photos  5  and  6).  it  also  reduced  the  amount  of  cleanup  required.  The 
pre-split  slopes  showed  improved  weathering  resistance  over  those  cut  by 
conventional  blasting  methods  especially  in  the  Florence  member  which  was 
particularly  susceptible  to  spalling  in  the  conventional  cuts. 

4-03.  Foundation.  General.  Initial  foundation  work  started  in  the 
approach  channel  area  and  progressed  downstream.  Approximately  eighty  percent 
of  the  foundation  bedrock  beneath  the  structure  is  shale  belonging  to  the  Blue 
Springs  and  Wymore  members.  All  shale  portions  of  the  foundation  were  covered 
with  a  lean  concrete  pad  with  a  minimum  thickness  of  six  inches.  This  pad  was 
placed  within  a  few  hours  of  final  cleanup  operations.  The  remaining  portion 
of  the  foundation  bedrock  is  limestones  as  follows:  a  thin  ledge  in  the 
central  section  of  the  Blue  Springs  member,  the  Kinney  limestone  member,  and 
the  Schroyer  limestone  member.  These  limestones  required  no  protective  lean 
concrete  pad  and  foundation  cleanup  was  relatively  simple  with  the  exception 
of  an  occasional  area  where  blast  holes  had  been  drilled  too  deep.  For  a 
general  geologic  section  beneath  the  structure  see  figure  9. 

*»-04.  ^alg„Foundatipn. 

a.  General.  The  weaker  materials  encountered  in  the  foundations  were 
the  red  and  green  clay  shales  of  the  upper  Blue  Springs  member,  and  the  lower 
Wymore.  The  red  zones  of  the  Blue  Springs  member  were  somewhat  harder  than 
their  green  counterparts.  The  Wymore  B  zone  was  similar  to  the  soil  zone  of 
the  Blue  Springs  with  the  exception  of  the  extreme  lower  part  which  exhibited 
an  increase  in  calcium  carbonate  cementation  progressing  toward  the  base  of 
the  member.  This  resulted  in  a  competent  shale  foundation.  It  was  within 
this  area  that  the  only  continuous  gypsum  seam  in  the  foundations  was 
observed.  This  was  a  seam  of  satin  spar  three  quarters  to  one  inch  thick 
which  extended  across  the  entire  foundation  for  the  O.G.  section  at  station 
4+58  downstream.  The  seam  was  tight  with  no  evidence  of  ground  water  solution 
work  (see  photo  8).  Foundation  cleanup  of  these  zones  presented  no  problem 
when  opened  and  covered  with  lean  concrete  in  a  reasonable  time,  i.e.,  a  few 
hours.  It  was  found  generally  that  final  cleanup  with  air  only  and  a  light 
water  spray  after  cleanup  produced  the  best  results. 
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b.  Blue  Springs  zone  A.  From  station  4+25  (upstream)  to  3+76 
(upstream)  the  Blue  Springs  zone  A  predominately  a  green  shale,  forms  the 
foundation  surface  for  the  downstream  portion  of  the  approach  walls,  the 
entire  approach  slab,  and  the  upper  portion  of  the  tower  key  vertical  surface 
(see  photos  9  thru  11). 

c.  The  Wvmore  zone  B  forms  the  foundation  surface  beneath  the  lower 
portion  of  the  O.G.  section  from  station  4+33  (downstream)  to  station  4+61 
(downstream).  It  was  encountered  from  elevation  1037  to  elevation  1050 
m.s.l.  (see  photos  12  and  13). 

d.  Blue  Springs  zone  B.  The  extreme  upper  portion  of  the  Blue 
Springs  "B"  zone  formed  the  major  portion  of  both  vertical  surfaces  of  the 
tower  key  at  station  3+76  U.S.  and  3+46  U.S.  and  the  surface  beneath  the 
remainder  of  the  tower  and  the  transition  section  from  station  3+76  U.S.  to 
station  1+77  U.S.  (see  photo  14).  This  surface  did  not  deteriorate  as  rapidly 
as  the  materials  previously  described  and  if  covered  in  a  reasonable  time 
would  not  have  been  subjected  to  air  slaking.  However,  the  Contractor  delayed 
pouring  the  lean  concrete  due  to  plant  difficulties  and  the  surface  spalled 
badly.  This  material  spalled  in  fragments  similar  in  size  and  shape  to  peach 
seeds  and  several  cleanup  operations  were  required.  Burlap  was  used  to  cover 
the  surface  which  was  kept  continuously  wet;  however,  a  final  air-water  cleanup 
operation  was  needed  immediately  prior  to  the  placement  of  the  lean  concrete 
pad.  This  material  was  better  suited  for  the  air-water  cleanup  process. 
Enlarged  joints  encountered  in  this  zone  complicated  the  cleanup  operation. 

The  remainder  of  the  B  zone  of  the  Blue  Springs  shale  is  a  firm,  dark  gray, 
calcareous  shale.  This  material  approaches  a  limestone  consistency  in  a  thin 
limey  fossiliferous  zone  in  the  upper  portion.  It  was  the  only  prominent 
fossil  zone  encountered  during  excavation  operations.  This  horizon  formed 
the  floor  of  the  tower  key  from  station  3+76  U.S.  to  station  3+46  U.S.  and  was 
an  excellent  foundation  surface  (see  photo  15).  The  zone  B  shale  forms  a  good 
firm  foundation  surface  for  the  entire  conduit  from  station  2+35  U.S.  to 
station  3+80  D.S.  Typical  foundation  and  collar  excavation  is  shown  in  photos 
15  and  16.  The  "B"  zone  shale  was  well  suited  for  the  air-water  cleanup 
process  and  could  be  kept  in  good  condition  indefinitely  if  kept  continuously 
wet.  An  occasional  cleavage  plane  was  encountered  and  is  shown  on  the  main 
foundation  map.  Adjacent  to  these  cleavage  planes,  as  well  as  joints,  drummy 
areas  were  sometimes  found  (see  photo  18). 

e.  The  Wvmore  shale  zone  A  is  the  most  competent  shale  encountered 
in  the  outlet  works  foundations.  It  forms  the  foundation  surface  beneath  the 
O.G.  section  from  station  4+11  D.S.  to  station  4+33  D.S.  It  is  a  hard,  gray, 
calcareous  shale  but  is  susceptible  to  fracture.  It  is  comparatively  resistant 
to  weathering.  However,  during  the  blasting  operations,  shot  holes  were 
drilled  too  deep  in  the  O.G.  foundation.  This  required  considerable  removal  of 
fractured  material  below  grade  and  backfilling  with  lean  concrete.  When  all 
fractured  material  had  been  removed  this  zone  produced  an  excellent  foundation 
surface  as  shown  on  photo  19. 
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a.  General.  The  limestone  ledge  in  the  "A"  zone  of  the  Blue  Springs 
shale  member  was  encountered  at  a  general  elevation  of  1078  in  the  approach 
channel  area.  It  consists  of  a  single  ledge  one  foot  thick  and  forms  the 
foundation  surface  for  the  upstream  portion  of  the  approach  walls.  See  photo 
10.  The  limestone  is  hard  and  generally  light  gray.  It  lies  above  the 
foundation  grade  downstream  of  station  4+25  D.S. 

b.  The  Kinnev  limestone  forms  the  foundation  for  the  structure 
between  stations  3+80  D.S.  and  4+10  D.S.  in  the  upper  portion  of  the  O.B. 
section.  This  is  a  hard,  medium  gray  limestone  and  easily  cleaned  by  air- 
water  jetting.  The  Contractor  experienced  considerable  trouble  with  this  bed 
because  it  was  undercut  and  was  difficult  to  remove.  Between  stations  4+60 
D.S.  and  6+02  D.S. ,  the  Schroyer  limestone  forms  the  foundation  surface  for 
the  extreme  lower  O.G.  section,  the  floor  of  the  stilling  basin,  stilling 
basin  walls,  and  the  end  sill.  The  upper  three  feet  is  hard,  white,  limestone 
overlying  seven  feet  of  dark  shaly  limestone.  Most  of  this  member  is  found  in 
the  vertical  surface  of  the  end  sill  at  station  6+02  D.S.  This  surface 
contained  two  chert  layers  and  zones  of  gypsum  nodules  (see  photos  20  and  21). 
The  thin  cherty  limestone  of  the  lower  Schroyer  forms  the  major  portion  of  the 
foundation  surface  for  the  stilling  basin  walls  and  floor.  This  limestone  is 
0.8  feet  thick  and  is  hard  affording  and  excellent  foundation  surface.  In 
some  areas  the  excavation  operation  broke  through  this  ledge  into  the  softer 
dark  gray  argillaceous  material  below.  This  generally  was  due  to  the 
Contractor's  attempt  to  divert  water  to  a  sump  in  the  upstream  riverward 
corner. 


c.  The  Schrover  limestone  formed  a  good  foundation  surface.  Cleanup 
operations  were  simple.  An  occasional  blast  hole  was  drilled  too  close  to 
grade,  and  fractured  rock  was  removed  from  small  areas.  (See  photos  22  and 
23.) 


4-06 .  gaanflatlan  jlalntlau 

a.  General.  Extensive  bedrock  jointing  was  encountered  during 
foundation  preparation  beneath  the  upstream  portion  of  the  structure.  Each 
individual  joint  and  fracture  was  mapped  as  to  strike,  condition,  and  seepage 
as  shown  on  figures  10  thru  13  and  on  figures  33  thru  39.  Three  sets  of  joint 
trends  were  recognized.  The  major  trend  was  N70oE  and  the  minor  trend 
varied  from  N40©W  to  N50OW.  A  third  set  trends  N85°E  and  parallels  the 
outcrop  face  (see  figure  10).  The  third  trend  reflects  the  mechanical 
adjustment  of  the  bedrock  zone  adjacent  to  the  outcrop  face  due  to  the  erosion 
of  the  river  valley.  All  joints  were  vertical  in  the  foundation  and  ranged 
from  tight  to  open  several  inches.  Seepage  from  the  joints  was  minimal  and 
was  generally  confined  to  the  upstream  sections  below  elevation  1075. 
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b.  Approach  channel.  The  Blue  Springs  shale  zone  A  in  the  approach 
channel  area  exhibited  good  joint  development.  All  three  trends  were  present. 
A  detailed  map  of  this  area  is  shown  in  figure  11.  The  joints  were  generally 
tight  or  filled  with  a  soft  clay.  The  major  exception  was  an  open  joint  which 
extended  from  station  4+22  U.S.  to  station  1+52  U.S. ,  paralleling  the  south 
approach  wall.  This  joint  extended  through  the  approach  slab  foundation,  the 
upstream  vertical  key  surface,  and  through  the  remainder  of  the  tower  area  and 
beneath  the  conduit.  The  joint  had  been  enlarged  by  ground  water  to  an 
average  width  of  4  inches  and  extended  down  into  the  top  of  the  "B"  zone 
below,  where  it  had  a  one  quarter-inch  opening  in  the  floor  of  the  tower  key. 
Water  was  seeping  from  the  upstream  portion  and  the  joint  faces  were  water 
marked  indicating  a  prolonged  period  of  ground  water  movement.  Adjacent 
drummy  shale  was  removed  and  the  walls  were  shaped  back  into  a  "V"  notch.  The 
"notch,"  when  cleaned,  measured  approximately  2  feet  wide  and  3  feet  deep  (see 
photos  24  and  25).  In  the  floor  of  the  tower  key,  joints  trending  N85°E 

were  concentrated  in  the  south  half  and  ranged  from  tight  to  open  (up  to  one- 
half  inch) .  Water  seepage  from  these  joints  was  small.  One  fracture  trending 
N70°E  was  traceable.  It  extended  from  the  downstream  wall  of  the  key  into 
the  approach  channel  area  (see  figure  12). 

c.  Tower  and  transition.  The  joints  of  the  tower  and  transition 
areas  were  similar  to  those  in  the  approach  channel  and  were  treated  in  the 
same  manner  (see  photos  26  and  27).  Open  joints  ranged  from  1  to  2.5  feet 
deep.  Original  joint  openings  ranged  from  tight  to  open  several  inches.  Some 
were  completely  open  and  some  were  partially  filled  with  soft  clay  and  large 
gypsum  nodules.  For  a  detailed  map  of  these  joints  and  their  relationship  to 
the  structure  see  figures  11  thru  13  and  figures  32  thru  39. 

d.  Conduit.  Joints  of  the  lower  Blue  Springs  "B"  zone  beneath  the 
conduit  generally  trend  N85°E.  These  were  open  about  one-half  inch  and 
produced  occasional  small  amounts  of  seepage  in  the  foundation  floor 
particularly  in  the  collar  excavations.  The  foundation  was  dry  in  the 
vicinity  of  the  grout  curtain  with  no  seepage  noted  for  50  feet  on  either  side 
of  the  dam  axis.  Grout  filling  was  observed  in  many  of  the  joint  openings  in 
this  area.  Downstream  of  the  dam  axis,  the  major  joints  trend  N60°e.  The 
Kinney  limestone  exhibited  joints  of  the  minor  trend  (N40o  to  50°w).  The 
foundation  area,  however,  was  located  far  enough  landward  that  the  enlarged 
weathered  Joints  of  this  member  occurring  in  the  riverward  area  were  not 
present.  In  the  upper  portion  of  the  Wymore  shale  zone  B  some  joints  of 

the  minor  trend  were  encountered.  This  horizon  showed  some  evidence  of 
groundwater  work  but  no  seepage  was  experienced  in  the  foundation  area. 
Jointing  in  the  Schroyer  limestone  was  poorly  developed.  Only  a  few  joints  of 
the  minor  trend  were  found  and  were  traced  only  a  short  distance. 
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SPILLWAY 

5-01 .  Excavation  General.  The  spillway  is  formed  by  a  rock  cut  located 
3 ,000  feet  south  of  the  embankment.  It  is  an  uncontrolled  emergency  chute 
type  with  a  concrete  sill.  It  is  1,250  feet  wide  at  the  crest  and  4,800  feet 
in  length.  The  depth  of  this  excavation  varies  from  0  to  54  feet.  The  side 
slopes  vary  from  IV  on  1 .5H  in  rock,  to  IV  on  3H  in  the  overburden.  The 
centerline  of  the  concrete  sill  is  located  at  dam  station  24+00  as  shown  in 
figure  14.  The  slab  is  50  feet  wide  and  3  feet  thick,  extending  across  the 
spillway  and  up  both  slopes  to  elevation  1206.  This  slab  is  secured  with 
grouted  anchors,  shale  protection  slabs,  return  walls,  and  48-inch  riprap  is 
placed  upstream  and  downstream  from  it.  The  spillway  cut  required  excavation 
of  4,365,000  cubic  yards  of  material  consisting  of  2,090,000  cubic  yards  of 
overburden  and  2,265,000  cubic  yards  of  rock.  After  first  stripping  the 
vegetation,  which  involved  the  removal  of  approximately  four  to  six  inches  of 
the  top  soil,  the  clay  overburden  was  excavated  by  means  of  40  cubic  yard 
scrapers.  This  excavation  method  continued  through  the  top  of  bedrock  into 
the  upper  Towanda  limestone.  A  60,000  pound  ripper  was  also  used.  The  bedrock 
excavated  was  used  for  shale  and  limestone  fill.  The  better  quality  Towanda 
limestone  was  excavated  separately  and  used  as  rock  fill  adjacent  to  the  tower 
and  stilling  basin,  in  the  Towanda  limestone  fill  beneath  the  riprap  and  as 
bedding  material.  These  materials  were  produced  from  the  hard  limestone  zone 
in  the  middle  section  of  the  Towanda  member  (see  photos  40  and  41).  Towanda 
limestone  of  marginal  quality  was  utilized  as  slope  surfacing  in  the 
protective  layer  of  the  downstream  slope  of  the  embankment.  The  bulk  of  the 
blasted  bedrock  material  in  the  spillway  was  excavated  by  an  electric  powered 
Marion  shovel  with  a  7-5  cubic  yard  dipper.  The  shovel  had  an  average  loading 
time  of  20  cubic  yards  per  minute  (see  photo  39).  Euclid  end  dumps  with  a 
capacity  of  30  cubic  yards  were  loaded  by  this  shovel  in  about  two  minutes. 

The  average  hauling  distance  to  the  embankment  was  6,00  feet  and  required 
about  15  minutes  per  round  trip  including  dumping.  This  equipment  is  shown  in 
photo  40.  Excavation  of  the  spillway  was  scheduled  to  meet  the  fill 
requirements  of  the  embankment  with  the  exception  of  the  crest  slab  area  which 
received  priority  to  coincide  with  concrete  scheduling.  The  excavation  was 
generally  completed  to  grade  in  a  single  operation  except  where  the 
utilization  of  Towanda  limestone  only,  was  required.  Excavation  of  the  key 
trenches  beneath  the  sill  was  completed  by  a  backhoe.  The  loess  blanket 
covering  bedrock  in  the  spillway  was  a  lean  clay  with  a  typical  moisture 
content  of  19  percent.  It  was  used  as  impervious  fill  in  the  upstream 
blanket  and  in  the  embankment  core. 

5-02.  Blasting. 

a.  General.  Blasting  of  the  Towanda  and  Holmesville  was,  in  general, 
completed  in  one  lift  to  the  spillway  flow  line.  The  lift  varied  in  depth 
from  8  to  20  feet  with  a  blasting  pattern  of  11  x  14  feet.  Ammonium  nitrate 
was  the  blasting  agent,  using  one  stick  of  40  to  60  percent  gelatine  dynamite 
as  a  primer.  Primacord  was  used  particularly  when  wet  conditions  existed. 
During  periods  of  rain,  wet  holes  were  loaded  with  Gelamite  (4x6  inch  of  451 
gelatine  dynamite).  Shot  records  cannot  be  found  or  none  were  kept. 
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b.  The  loading  column  was  varied  with  the  anticipated  utilization  of 
materials.  In  areas  being  shot  for  shale  and  limestone,  the  Contractor  used  a 
straight  loading  column  of  dynamite  primer;  2  pounds  of  ammonium  nitrate  per 
lineal  foot  and  5  feet  of  stemming  (usually  rock  dust).  In  areas  where  the 
Towanda  limestone  was  utilized  separately,  deck  loading  was  employed  using 
Prlmacord  with  8  pounds  of  ammonium  nitrate  in  the  Holmesvile,  rock  dust 
decking  to  the  base  of  the  better  Towanda,  and  21  pounds  of  nitrate  with  a 
stemming  interval  of  5  feet  at  the  top.  Breakage  differences  between  the  two 
loading  systems  was  not  apparent  and  the  decking  procedure  resulted  in 
eliminating  only  the  shale  heaves  into  the  limestone  sections  above.  For  an 
illustration  of  the  loading  columns  see  figure  17.  In  blasting  for  the 
material  that  was  to  be  crushed  for  bedding,  the  lift  penetrated  only  to  the 
base  of  the  hard  limestone  zone  or  middle  zone  of  the  Towanda  member.  The 
lift  was  approximately  8  feet  deep  and  was  drilled  with  a  pattern  spacing  of  7 
feet  x  11  feet.  The  excavation  of  the  spillway  bedrock  involved  approximately 
175  shots.  The  powder  factor  was  approximately  0.29  pounds  of  explosive  per 
cubic  yard  of  rock. 

c.  Blasting  of  the  sill  kevs  in  the  spillway  involved  the  lower 
Holmesville  shale  member  and  upper  Fort  Riley  limestone  member.  Prior  to  the 
excavation  all  vertical  wall  surfaces  were  line  drilled.  This  was 
accomplished  by  air  trac  drills  and  a  tractor  mounted  drill  using  3  inch 
diameter  rock  bits  and  a  rotary  drill  using  a  4  inch  diameter  bit.  Holes  were 
drilled  on  one  foot  centers.  After  the  completion  of  line  drilling,  holes 
were  drilled  for  the  trench  blasting. 

d.  Blast  holes  (3  inch  diameter)  were  drilled  along  the  center 
line  equidistant  between  the  line  drilled  rows  with  a  center  to  center 
spacing  of  two  feet.  A  typical  leading  column  for  these  holes  is  shown  in 
figure  17,  with  two  sticks  of  dynamite  in  the  Fort  Riley  limestone  and  one 
stick  of  dynamite  in  the  Holmesville  shale. 

e.  Best  results  were  obained  when  shots  were  held  to  no  more 
than  6  holes  using  electric  caps  with  instant  to  number  5  delays.  Upon 
completion  of  the  excavation,  the  side  walls  were  cleaned  and  the  Holmesville 
portion  of  these  walls  was  protected  with  "gunite"  and  wire  mesh. 

f.  Final  grading  of  the  floor  was  comparatively  simple  with  the 
exception  of  areas  where  the  upper  hard  limestone  bed  in  the  lower  Holmesville 
protruded  above  the  foundation  grade.  The  bulk  of  the  grading  was 
accomplished  with  blade  equipment. 


g.  Cleanup  of  the  sill  foundation  was  accomplished  with  air  jets  and 
was  reasonably  successful  (see  photos  29  thru  31).  The  slope  section  foun¬ 
dation  cleanup  was  complicated  by  two  factors;  the  Holmesville  shale  was 
excavated  too  close  to  grade  and  the  foundations  were  left  exposed  an  entire 
winter  without  adequate  protection  against  freezing.  Cold  weather  halted 
operations  in  this  area  at  the  end  of  the  second  construction  season  and  the 
slope  foundation  already  below  the  specified  grade  were  subjected  to  freeze  and 
thaw  cycles  until  the  next  spring  when  operations  were  resumed.  This  resulted 
in  considerable  over  excavation  and  high  costs  for  labor  and  backfill  concrete. 


h.  Slope  foundations  in  shade  were  "stair-stepped"  on  horizontal 
cleavage  planes  in  the  Holmesville  member.  The  final  cleanup  was  accomplished 
with  air-water  Jets,  which  resulted  in  good  foundation  surfaces  (see  photo  32). 
The  Towanda  limestone  in  the  south  slope  presented  no  unusual  problems;  how¬ 
ever,  on  the  north  slope  during  the  excavation  blasting,  this  member  was  badly 
fractured.  All  fractured  rock  was  removed  resulting  in  considerable  over 
excavation.  The  limestone  was  "stair-stepped"  on  the  numerous  well  developed 
bedding  planes.  It  was  cleaned  with  the  air-water  jets  and  good  to  excellent 
foundation  surfaces  were  obtained  (see  photo  33) •  Lean  concrete  was  also  used 
tc  backfill  over  excavation  on  the  north  slope. 

5-03.  spillway  Sill. 

a.  General.  A  typical  cross  section  of  the  concrete  sill  is  shown  in 
figure  15.  To  prevent  possible  undercutting  of  the  structure  during  spillway 
flows,  two  keys,  3  feet  in  width,  were  constructed  beneath  the  slab  as  shown 
in  photo  28.  The  upstream  key  extended  downward  just  into  the  underlying  Fort 
Riley  limestone.  The  downstream  key  extended  18  feet  below  the  slab  to 
elevation  1158.  Both  keys  extend  up  the  slope  portion  of  the  slab  to  the  ends 
of  the  crest  structure. 

b.  The  downstream  kev  penetrated  the  Fort  Riley  zone  "A"  to  its  base 
on  the  north  end  and  three  feet  above  the  base  on  the  south  end  due  to  the 
local  dip  of  the  bedrock.  The  upstream  key  penetrated  the  Fort  Riley  an 
average  depth  of  one  foot. 

c.  Protection.  In  order  to  protect  the  Holmesville  shale  which  is 
exposed  nine  feet  above  the  flow  line,  concrete  protection  slabs  were  placed 
along  the  side  slopes  to  the  top  of  the  Holmesville  shale  for  a  distance  of 

50  feet  upstream  and  downstream  of  the  main  slab.  These  slabs  were  also  keyed 
in  to  the  top  of  the  Fort  Riley  at  the  same  general  depth  of  the  upstream  key 
of  the  main  crest  slab.  The  keys  were  2  feet  thick  and  afford  the  Holmesville 
protection  below  flow  line. 

5-04.  Spillway  Sill  Foundation.  The  lower  Holmesville  shale  is  the 
foundation  for  the  crest  slab.  See  foundation  map  plan  and  profile  spillway, 
figures  40  and  41 .  The  middle  green  zone  in  the  south  end  and  the  two  lime¬ 
stone  beds  of  this  member  are  the  foundation  toward  the  north  end.  For  details 
of  the  foundation  conditions  beneath  the  main  sill  slab  see  spillway  sill  plan 
and  profiles.  Foundation  of  the  upper  slopes  of  the  sill  are  Towanda  limestone 
of  relatively  good  quality.  Riprap  up  to  elevation  1085  on  the  north  slope  and 
1083  on  the  south  slope  as  well  as  the  concrete  slabs  rest  on  the  upper 
Holmesville  shale. 

5-05.  Grouted  Anchors. 


a.  Initial  installation.  After  the  lean  concrete  pad  had  been  placed 
on  the  shale  surfaces  of  the  foundation,  grouted  anchors  were  installed. 

These  anchors  were  installed  by  drilling  a  6-inch  diameter  hole  to  a  depth  of 
18  feet  below  the  crest  slab  with  a  rotary  drill  (see  photo  34).  The  holes 
were  then  cleaned  with  a  combination  of  air  and  water,  and  filled  with  grout. 
Many  holes  lost  grout  into  open  solution  channels  of  the  Fort  Riley  "A"  zone 
(see  photo  35). 


b.  Testing.  When  the  hole  was  filled  with  grout,  number  10 
reinforcing  steel  bars  ("J"  bars)  were  inserted  and  vibrated  into  position  by 
placing  a  concrete  vibrator  against  the  bar.  Additional  grout  was  added  when 
necessary.  The  anchor  holes  in  the  slope  sections  were  drilled  at  an  angle  of 
30  degrees  to  the  vertical  varying  in  length  from  12  to  24  feet.  The  drilling 
of  these  holes  was  accomplished  with  air  trac  drills.  For  an  illustration  of 
the  relationship  of  the  anchors  and  slab  see  figure  15. 

c.  Deep  anchors.  Two  rows  of  grouted  anchors  were  placed  through  the 
concrete  protection  slab  keys  at  an  angle  of  30  degrees  to  the  vertical.  This 
operation  was  difficult,  requiring  angle  drilling  of  a  hole  large  enough  to 
pass  the  neck  of  the  anchor  through  the  key  and  into  the  shale  below.  This 
was  accomplished  by  drilling  two  six-inch  diameter  holes  "piggy  back"  into 
the  key  and  then  drilling  out  the  wall  section  between  the  holes.  These 
oversize  holes  were  then  backfilled  with  concrete  after  the  anchors  had  been 
placed  into  the  key  wall  (see  photos  36  and  37). 

5-06.  Riprap.  Additional  slope  protection  is  afforded  by  a  48-inch 
layer  of  riprap  extending  50  feet  upstream  from  the  upstream  protection  slabs 
and  425  feet  downstream  from  the  downstream  slab.  A  detail  of  the  riprap  is 
shown  in  figure  16. 
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CHAPTER  6 


RELIEF  WELLS 

6-01.  General.  Along  the  downstream  toe  of  the  embankment,  a  total  of 
73  relief  wells  were  installed  for  control  of  underseepage.  These  wells  are 
designed  to  produce  an  artesian  flow  as  the  pressure  builds  in  the  alluvial 
foundation  of  the  embankment.  A  series  of  collector  and  header  ditches  carry 
the  flow  from  the  toe  of  the  embankment  to  the  downstream  borrow  pits. 

6-02.  Well  Design.  The  well  consists  of  an  eight-inch  ID  wood  screen 
and  riser  of  treated  Douglas  fir.  The  screen  section  consists  of  wood  staves 
banded  with  galvanized  wire  with  milled  3/16-inch  slots  in  offset  pairs 
constructed  with  open  area  of  25  to  30  square  inches  per  lineal  foot.  The 
joints  connecting  the  various  sections  are  of  the  mortise-male  type  held 
together  by  brass  screws.  The  riser  is  of  similar  construction  without  the 
slotted  openings.  The  screen  generally  extends  from  two  feet  above  the  bottom 
of  the  well  to  a  point  approximately  two  feet  below  the  top  of  the  sand 
aquifer.  The  riser  then  extends  from  this  point  to  the  well  header.  The 
screen  is  encased  within  a  gravel  pack  with  a  minimum  of  six  inches  of  gravel 
between  the  screen  and  the  foundation  sands.  The  gravel  pack  extends  from  the 
bottom  of  the  well,  two  feet  below  the  screen  to  a  point  at  least  two  feet 
above  the  screen  near  the  top  of  the  aquifer.  Above  the  gravel  pack  around 
the  riser  section  is  a  one-foot  thick  layer  of  concrete  sand  and  gravel  pack. 
The  purpose  of  this  layer  is  to  relieve  pressure  in  the  upper  layers  of 
material  too  fine  for  the  gravel  pack,  and  to  prevent  the  concrete  in  the 

collar  above  this  layer  from  penetrating.  A  concrete  collar  wa3  placed  around 

the  riser  to  a  point  Just  below  the  metal  well  header.  The  well  header 
consists  of  a  corrugated  metal  tee  with  an  outfall  and  a  riser  extension.  The 
outfall  extension  discharges  into  the  collector  ditch  just  above  the  flow 
line.  Both  the  riser  and  the  outfall  extension  openings  are  protected  by 
galvanized  flap  gates  (see  figure  24). 

6-03.  Mall  JnatallafcLaiu 

a.  Drilling  equipment.  Well  construction  began  with  drilling  a  24- 

inch  diameter  hole  with  a  Mayhew  reverse  rotary  drill  rig.  A  24-inch  diameter 
cone  shape  fishtail  bit  was  utilized  with  a  drill  string  of  eight-inch  ID 
sections  ten  feet  in  length.  This  equipment  is  shown  on  photos  48  and  49.  As 

drilling  progressed,  continuous  samples  were  taken  by  sampling  the  discharge 

water  and  the  hole  was  logged.  A  typical  log  is  shown  in  figure  25. 

b.  Drilling.  The  wells  were  drilled  to  bedrock  with  the  exception  of 
the  partial  penetration  wells  designed  to  go  only  to  a  specified  elevation, 
and  wells  between  station  124+00  and  station  135+00  which  could  not  be  drilled 
to  bedrock  due  to  a  boulder  and  cobble  layer. 

c.  The  boulder  and  cobble  layer  created  many  drilling  problems  with 
larger  cobbles  plugging  the  bit.  The  wells  were  bottomed  out  upon  refusal  on 
a  large  boulder.  As  the  drilling  progressed  to  station  107+00,  the  layer 
appeared  to  be  mostly  cobbles  with  a  few  small  boulders.  At  this  point 
penetration  to  bedrock  was  accomplished.  At  station  116+00  the  layer  appeared 
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to  be  relatively  level  at  about  elevation  1040.  In  most  cases  a  two  to  five 
foot  interval  of  sand  separated  this  layer  from  bedrock.  The  bedrock 
elevation  varied  from  1048  to  1028.  The  wells  terminated  on  the  Wymore  shale 
member  from  station  92+50  to  station  93+50  and  from  station  128+00  to  station 
140+00  on  each  end  of  the  well  line.  From  station  107+00  to  128+00  the 
Schroyer  limestone  member  formed  the  bedrock  surface.  For  a  profile  along  the 
well  lines,  see  figure  26. 

d.  Well  placement.  The  wells  were  drilled  on  a  center  to  center 
spacing  of  75  feet  from  station  122+00  to  station  92+50  and  on  a  spacing  of  50 
feet  from  station  122+00  to  station  140+00.  In  the  latter  area,  every  third 
well  was  a  partial  penetration  well  drilled  to  approximate  elevation  1052. 

Upon  encountering  bedrock,  the  drilling  tools  were  removed  and  a  24-inch  ID 
temporary  casing  was  placed  in  the  hole  to  a  depth  approximately  two  feet 
below  the  top  of  the  gravel  pack  elevation.  This  required  about  17  feet  of 
casing.  The  elevation  on  the  top  of  the  casing  was  noted  and  all  subsequent 
work  on  the  well  was  referenced  from  that  point.  The  depth  of  the  hole  was 
then  checked  and  the  lengths  of  screen  and  riser  sections  were  established. 

e.  Screen  and  riser  sections  were  made  up  and  the  spiders  (spacers) 
were  attached.  These  were  generally  placed  five  feet  below  the  bottom  of  the 
screen  and  three  feet  above  the  top  of  the  screen.  The  bottom  plug  was  driven 
into  the  bottom  of  the  screen  and  secured  with  nails.  The  joints  were  secured 
with  screws.  Wood  bracers  and  heavy  gage  wire  were  used  to  reii  'orce  the 
Joints  (see  photos  50  thru  53). 

f.  Gravel  pack  material  was  tremied  into  the  hole  to  a  depth  of  two 
feet  above  the  bottom.  The  screen-riser  assembly  was  then  picked  up  by  a 
crane  and  placed  into  the  well  and  set  on  the  gravel  pack.  The  braces  were 
removed  as  the  assembly  was  lowered  into  the  well.  A  third  spider  of  heavy 
metal  was  placed  around  the  top  of  the  riser.  This  spider  or  collar  was 
adjusted  to  fit  tightly  within  the  temporary  casing.  This  helped  to  hold  down 
the  wood  riser  which  tended  to  float.  It  also  assured  the  centering  of  the 
riser  during  succeeding  work  operations.  A  heavy  chain  was  then  used  to 
insure  against  slippage  of  the  setup.  The  gravel  pack  was  placed  through  a 
five-inch  diameter  aluminum  tremie  pipe.  A  hopper  above  the  pipe  was  fed  by 
conveyor  belt.  The  conveyor  was  approximately  30  feet  long,  powered  by  a 
small  gasoline  engine.  The  hopper  end  (or  feed  end)  of  the  conveyor  was 
mounted  on  rubber  tired  wheels.  A  garden  hose  was  placed  in  the  tremie  hopper 
and  continually  introduced  water  into  the  tremie  pipe.  The  gravel  pack 
material  was  shoveled  by  laborers  into  the  conveyor  belt  hopper  which  in  turn 
carried  the  material  to  the  tremie  pipe.  When  the  tremie  pipe  was  filled 
completely,  it  was  lifted  slightly  and  the  material  began  slipping  en  masse 
into  the  hole.  About  40  feet  of  gravel  pack  was  placed  in  less  than  an  hour. 
The  well  was  balled  and  the  screen  was  cleaned  out.  The  prescribed  chemicals 
were  then  mixed  in  a  tub  with  water  and  poured  into  the  well.  The  bailer  was 
then  used  to  mix  the  solution  by  slowly  raising  it  from  the  bottom  to  the  top 
of  the  well.  The  well  was  then  left  undisturbed  for  a  period  of  48  hours.  At 
the  end  of  this  period,  the  Contractor  developed  the  well;  however,  the  actual 
time  varied  with  the  Contractor's  schedule  and  weather  conditions.  Generally 
the  well  was  developed  within  a  period  of  60  hours  after  the  chemicals  were 
placed.  A  six-inch  Western  Roller  turbine  pump  driven  by  an  8-cyllnder 
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automobile  engine  was  used  for  development.  The  bottom  of  the  drop  pipe  was 
set  at  a  depth  of  24  feet  which  placed  it  generally  six  feet  into  the  screen. 
The  pump  had  a  maximum  rating  of  500  g.p.m.  with  50  feet  of  head.  The  static 
water  level  was  measured  with  an  M-scope,  the  line  of  this  instrument  was  set 
for  a  drawdown  of  seven  feet.  The  development  was  then  begun  by  overpumping. 
In  the  large  producing  wells  maximum  drawdown  was  not  attained.  During  the 
overpumping  operation  the  water  usually  began  clearing  after  one  hour  of 
"surging";  however,  the  wells  continued  to  draw  in  fine  sand  for  some  time. 
Development  time  ranged  from  two  to  six  hours.  When  the  water  in  a  Jar  sample 
was  free  of  sand,  the  developing  operation  was  considered  complete.  The 
drawdown  was  noted  and  an  estimate  of  the  final  pumping  rate  was  made  (see 
photo  53).  Once  the  well  was  developed,  a  sand-gravel  pack  mix  was  tremied 
into  the  well.  This  was  brought  up  to  an  elevation  generally  corresponding 
with  the  bottom  of  the  alluvial  blanket.  A  concrete  collar  was  placed  above 
the  sand-gravel  pack  to  the  specified  elevation.  Two  methods  of  concrete 
placement  were  used.  In  some  well3  the  water  was  pumped  from  the  top  of  the 
sand  gravel  by  hand  with  a  pitcher  pump  and  the  concrete  placed.  In  others 
the  tremie  method  was  used.  The  sand-gravel  and  the  concrete  backfill  were 
brought  up  in  increments  of  two  feet  and  the  temporary  casing  was  pulled  in 
the  same  intervals  by  a  crane,  taking  care  to  keep  the  bottom  of  the  temporary 
casing  at  least  two  feet  below  the  backfill  material.  With  the  well 
backfilled,  a  check  was  made  for  the  presence  of  fine  sand  drawn  into  the  well 
by  the  developing  operation.  This  generally  ranged  from  a  few  tenths  to  two 
feet.  It  was  removed  by  bailing  prior  to  the  pump  test. 

6-04.  Pump  lasting. 

a.  Testing.  The  same  pump  used  for  developing  the  wells  was  used  for 
the  pump  test.  The  static  water  level  was  measured  at  each  well  along  the 
well  line  and  the  pump  test  started.  The  initial  drawdown  was  measured  with 
an  M-scope  and  timed  with  a  stop  watch.  Continuous  readings  of  the  water 
level  were  taken  on  the  well  being  tested  and  the  adjacent  well  during  the 
test.  The  pumping  rate  was  measured  using  a  4-3/8-inch  circular  orifice  on  a 
six-inch  ID  discharge  pipe.  At  the  end  of  four  hours  the  test  was  completed, 
the  pump  was  shut  off  and  the  recovery  of  the  water  level  was  noted. 

b.  Results.  In  general,  the  wells  were  good  producers  with  yields  up 
to  200  g.p.m.  per  foot  of  drawdown.  The  partial  penetrating  wells  did  not 
produce  as  much  as  the  deeper  wells.  For  a  profile  along  the  well  line  see 
figure  26  and  Plates  23  and  24. 
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CHAPTER  7 


7-01.  (a)  Instrumentation  consists  of  the  following:  Eleven  Alinement 

monuments  were  installed  in  a  line  on  50-foot  centers  along  range  1+75 
Downstream.  Five  strong  Motion  Accel erographs  were  installed;  one  on  the  left 
abutment,  one  in  the  intake  tower,  one  on  the  crest  of  the  dam,  one  on  the 
downstream  slope,  and  one  at  the  downstream  toe.  Seventy-three  pressure 
relief  wells  were  installed  along  the  downstream  toe.  Three  foundation 
settlement  gauges  and  7  crest  settlement  monuments  were  installed.  Sixty- 
three  piezometers,  were  installed.  All  are  the  open  tube  type.  All  but  5 
have  their  tips  in  the  foundation  sands.  The  5  remaining  have  their  tips  in 
the  impervious  clay  core.  Since  installation,  61  of  the  piezometers  have  been 
continuously  monitored.  Extrapolation  of  data  indicate  the  seepage  control 
measures  have  maintained  piezometric  levels  well  below  the  design  limits.  The 
piezometers  along  the  downstream  toe  are  located  midway  between  the  pressure 
relief  wells  to  aid  in  evaluation  of  the  relief  well's  performance.  They  have 
their  tips  in  the  foundation  sands  and  just  below  the  base  of  the  natural 
blanket.  With  the  exception  of  two  areas,  the  relief  wells  have  been 
effective  in  holding  the  seepage  pressures  to  levels  only  slightly  higher  tha* 
the  elevation  of  the  well  discharge  pipe.  These  relatively  high  pressures  ar< 
near  piezometer  P-1  IB  at  station  110+90  and  piezometer  P-30B  at  station 
133+80.  On  3  October  1973,  the  record  high  pool  was  at  El  1158.3*  piezometer 
P-1  IB  had  a  pressure  head  of  4.6  feet  above  the  flow  line  of  the  relief  well 
drainage  ditch  and  piezometer  P-30  had  4  feet.  A  small  sand  boil  developed 
near  P-1  IB.  The  boil  was  brought  under  control  by  constructing  a  sandbag 
channel  block  downstream  of  the  boil,  raising  the  water  level  in  the  ditch. 
Since  the  top  of  the  relief  well  screens  near  the  boil  area  is  18  feet  below 
the  ground  surface,  the  presence  of  a  shallow  pervious  zone  could  explain  the 
higher  pore  pressure  and  thus  the  sand  boil.  In  order  to  repair  the  high 
pressure  area  and  relief  well  drainage  ditch,  a  $35,000  contract  (DACW-41-76- 
0045)  was  awarded  to  Bayer  Construction  Company  in  April  1976  when  the  pool 
was  near  multipurpose  level  (El  1144.4)  and  the  pore  pressures  were  lower  in 
the  repair  area.  From  approximate  stations  108+00  to  116+00  the  ditch  was 
deepened  and  lined  with  a  6-inch  layer  of  pervious  material  and  a  30-inch 
diameter,  perforated  corrugated  metal  pipe,  wrapped  with  plastic  filter  cloth 
was  installed.  Connections  were  made  to  the  outfall  pipes  of  relief  wells  20 
thru  30.  The  pipe  was  covered  with  a  minimum  of  6-inches  of  sand  followed  by 
a  minimum  of  12  inches  of  impervious  clay.  To  date  (May  1978)  the  buried 
collector  pipe  appears  to  be  working  satisfactorily.  Pore  pressures  and  watei 
flows  from  the  wells  are  normal  but  high  pool  levels  have  not  occurred  since 
the  repairs  have  been  completed.  See  plates  24,  25  and  26,  and  Periodic 
General  Inspection  Report  No.  5,  (April  1974). 

7-01.  (b)  Settlement  Plates.  Readings  of  the  settlement  plates  thru 

k^ri.1  1974  indicate  the  foundation  settlement  is  essentially  complete,  0.05 
foot  to  0.1  foot.  The  two  valid  readings  to  date  (April  1974)  of  the  crest 
settlement  monuments  indicate  embankment  settlement  of  0.1  foot  to  0.2  foot. 
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R  Abut  Cutoff 
0  I  on  5 

Outlet  Chennai 
fioosed  1  or  1 
Above  Outlet  Channel 


Approach  Bench 
Approach 
Bench  Recnp 
*  Cutot* 
Or*  Split  Detey 

Approach  Bench 
Approech  Bench 


v*  ;e.<  -  w  « 

>tj  .4.;  •  X  •  r* 
Ste  .*3'X  \*i  •« 

S'*  142  •  68  142  •  «c 
w  0  * 0  j  *4t  C 
>:*  )42  *  00  to  ■*<* 
w  <J  too-w: 


r  ;  •  40  0  .  *  2**  o 
Ste  .42  •  75  ie«-00' 
R  0  •  60  l  2  *600 
$te  I4J  *  40  14J  •  0C ' 
R  1  ■  n  U  t.  *  «  U 
Ste  142  •  OO  142  *  40 ' 
R  30  U  i  •  5C  D 
St*  '.42  •  X  142*  V 
R  »■*.’>  >J  1  *  SO  0 


St**4*^  9-OCu  Rote 

Ai*  T 

Sre  6*  10  l->lO  Ron 

Ste  6  •  sC  8  •  29  U  A.-  t 

St*  6  •  50  6  •  25  U  Ar' t 

St#  5  •  50  9  •  00  U  A,i  ’ 

St*  4  *  Xi  0  5  •  60 1 '  An  T 

■I  rh»  u  1/  S*Oe  Slope  Ar  T 

li ’hf^  ij  Side  SKH*  A  r  * 

St*l*»  3*S0«  Air  ' 

St*  1  *  50— J  *  50U  _  Air  I 

4  SI4  :  •  50^  .  An  T 

4  St*  l  *  50u  A,.  T 


St*  »*£»-  8-50D 
SU  0-70  J-OOU 
St*  10  *00  10*50  0 
St*  2*00-  4  *0DU 
St*  2*00  4*00  0 
su  o*to  2*ood 
Su  2  *  00  5  *  00  0 
St*  5  *00  J*00O 
St*  5*00  9*500 
SU  5  *0O  9*0QU 

St*  2*00  HDU 

su  1*00- 1  *ao 

St*  5  •  50  4  *  00  U 
Su  5*00-5*50U 


A  -  i. 

A.i  •  t. 

V  brl'U 

I- 

A  -  :•*. 

. 

H  ,  . 

4‘ 

,4 

All  t,jr 

'4 

h  V 

44 

A  •  *.ei  :>  . 

" 

V-- 

4c 

A-»  ‘  •  ,t»,  J 

<*  «». 

.e”i* 

Naur 

■I 

A.i  ’•*.  ' 

•  •  *■* 

4  *  » 

.er-.ee 

Nc 

j e 

A.i  •-*:  3 

.t  3‘ 

U>  42 

45. 

V 

21' 

A.'  !•*.  i 

A  1* 

3L  42 

45* 

it.nl 

An  T.jc  j  . 

t  !'■ 

2  11 

VerTiC* 

hone 

1  >6 

Equipment  Hole  Die 

Depth 

DRILLING 

P*ttern 

Ancle 

Slope 

No  ol  Hole* 

A-  r-jc 

Rot*r,  J  : 

•  12 

reit'C*' 

hone 

214 

A.rTree  1. 

Rdt  *r,  *  . 

ifc 

9  *  12 

verliCJ1 

None 

» 

An  T.  ec  ■ 

‘  L5 

42 

Vor  0% 

q0 

Ai't-ec 

•>  65 

42  C  VC 
Line 

•,orC5 

19 

Aif  ’i*<  i  . 

18 

9  »  12 

vertieei 

106 

An  7r*  5 

y  K  \2 

verfic*1 

86 

59  Or*  SO"’ 

An  t-K 

2C- 

42  i toC 

L  ne 

45% 

i  o'  ; 

e: 

Ar»r*c 

28 

20 

42  C  toC 
L-ne 

45% 

1  or  1 

<J 

S  ■ 

All  ’r*c  4 

:l 

•  x  9 

V«rtK* 

:64 

Air  I r *c  i'  r 

10 

9  XI? 

vertieei 

1  pn  | 

60* 

An  T'*C  j  -  : 

;C 

<i  *  i; 

« 

An  Tree  i 

:o 

9  »  12 

veMitei 

6fe 

Air  Un  3  : 

15 

9  x  12 
;  *  9 

veHice 

1  On  1 

!46 

An  Tr*c  4 

15 

6  *  6 

vertieei 

1  On  1 

An  t  *  *C  3 

H 

•  X  9 

ve"'  * 

25  2 

Equipment  Hole  0«e 

Depth 

DRIU  INC 
Rettem 

Ancle 

Slope 

No  ot  HaUi 

RotA'y  _  «  • 

16 

9  x  12 

Venice 

1  C"  1 

293 

Rourv  4.- 

All  Ti*t  1-.- 

14 

6  X  1C 

vertice' 

1  On  0  5 

150 

Houry 

Air  Tr*c  4  1 

58 

1  x9 

Vertit*i 

ion  1 

78 

An  Tr*t  3'  ; 

18 

2  X  9 

Ve'ticei 

1  On  1 

58 

Air  Tret  J  -  : 

15 

2  X  9 

vertieei 

1  On  1 

1  0"  0  5 

Air  Tree  J  r 

15 

6  X  10 

vertieei 

None 

146 

An  Tret  J' i 

14 

8  X  10 

Vertieei 

1  on  1 

1  On0  5 

245 

An  Tree  _  J  .• 

12 

8  X  10 

_  Venice; 

None 

751 

An  Tree  3  1 

8  X  10 

Vertieei 

1  on  i 

306 

AnT.ec  3  . 

26 

2  X  9 

Vert  <Ji 

None 

188 

An  Tree  _  J'i 

26 

1  X  9 

vencei 

None 

187 

A.»  Tree  _  3  . 

20 

t  x  9 

Vertieei 

RampC'ede 

1  on  0  5.  15 

An  Tree  ‘  3-» 

38 

'  42  C  toC 

45* 

I  on  1 

Rotem  *•  ■■ 

12 

T  X  9 

_  vertieei 

None 

ISO 

An  Tret  _  J‘l 

26 

>  x  9 

.  verpcei 

None 

129 

An  Tret  J 

26 

2  X  9 

Vertieei 

None 

105 

1  !6‘  •  R*"i 
'  1  395  See 
I  16C  *  Rememv 


MILFORD  D 

EXPLOSIVE  COLUMN  Lb»  MS  Dr"  Lb*  40 S  Dr" 

,  S  «C*< 

Ah  4  Suit  £  26£ 

;  S  40% 

Ah  4  Step-  £ 

S  16  :  Ste" 

S  28  vippe*  2  S  j 

V  S  *  h  e  Sten  20C 

:  5  A  h 

4  step  '•  it  n 


.  S  6C% 

Ah  4  Ste" 
S  tti% 

AN  4  Stem 
1  S  60% 

A  N  -4  Ste" 
IS  40% 

A  N  -4  Ste" 
v  s  40% 

*N  4  Ster 


I XPlOSIVF  COLUMN  LbA  Mf-  Dm  Lb*  40%  Dyn 


IS  60% 

4  N  4  Stem 
VS  40% 
an*  Ste" 
IS  *0% 

AN  -4  Ste" 
IS  *0% 

AN  -A  Ste" 


IS  60% 

AN  4  Ste" 

IS  «% 

AN  4  Stem 
IS  80% 

A  N  -4  Ste" 

1$  60% 

AN  4  Ste" 

IS  40% 

Ah  4  Ste" 

1 5  «* 

AN  4  Ste" 

:S  40% 

Ah  4  Ste" 

.  S  15  4  Ste"  l  S 

40%  AN  4  Ste" 
S  15  4  Ste"  l  S 

40%  A  N  4  Ste" 
s  is  4  Ste"  1  S 
4C  %  A  A'  *  Ste" 


W  .>0*0  DAM  BLASTING  RECORD  TABLE  \ 


M 


LAP>  OElA»S 


mlforo  dam  blasting  record  TABLE  2 


lOAO'No 

PiOSJVE  COLUMN  LQ»  10’.  Dyn  .at  40'  CV’  Lt»  A  S  '  >44*  E  • pM'. » 

IS**. 

__A  *«  4  f  .*  *1  •* 

“  1  S  4C% 

^  N  4  ill'-  -«4 


CAF»S  Of  LAVS  PBIMA 

:  }  )  *  s  cobo 


JSlS  .«  :  Ste" 

|ya  uppers  .i 

J/S  A  *4  4 

ISAS 


s  .« 

1  S 

r  AH  *  ite«*  .  i 

1  S  »% 

__A  N  4  Stem  SJ 

I  S  «% 

^A  N  4  Stem  JO 

IS  <0% 

,J1  N  4  Stem  0 

■  1  S  40*1 

^AN  4  Stem 


;  «B 


>  M 


;  *ot 


4  Mb 


1C  .%  .S  .M 


MILFORD  DAM  BLASTING  RECORD  TABLE  3 


■tOSiVf  COLUMN  Ld*  «'•  Oyt>  IM  40*  Dyn 


IS  *0% 

^AN  4  Sl#n>  IV 

—IS  4Q% 

AN  4  Stem  J 

15  «% 

rA  N  4  Stem  3 

i5  «o% 

A*  4  s»»m  o 


40C 

X 

X 


i  OAO'NG 

.Cn  A  N  tota'fiptoa  CM  *0  Bock 

9  4(X  lO  IV  ;,.**■ 

5  K  ■  •*  ♦>  ;> 

.'sx  .  ‘s:  i  ;V 

.  y*  7  mo  )  ,*r 


UN  Y«J 


CABS  DC  LAYS  P«IM* 

I  I  ?  1  4  S  COBO 

r-4  ;*  :i  x  i3  o  s. 

NU  SB  SP  SB  SB  NR  SC 

SB  SR  SB  SB  SB  SB  >es 

SB  SB  SB  SB  SB  SB  *es 


IS  »% 

AN  —4  Stem 

li  «% 

Stern 


-4  St»m 
* 0 % 

-4  Stem 

«% 

An  4  Sr*** 

flT*< 

Aw  -  4  st**" 

T?  «% 

4  V«’~ 

4  Stem  1  S  ' 
AN  4  St*m 
4  Stem  l  5  * 
M  4  5f«m 
_  4  Stem  I  S 

fcAA  *  St#*" 


ZOO  j  .  X 

HOC  1 1  nr 

«x  ■  *r 

vr  4  ir 

■X  :*  IX 

J00  .}  40T 

'*  MX 

■'O  I  000 

j.aoc 

V  ■  440 


1  «*  6  l.’4 

■  NX  1C  04K 

■  *1  r  ‘8f 

'  W  .  J  4M 

,4  .xc  i:  Tie 

u  TO  n  zze 

t.s  *,«• 

)  l*C  4  Of 

9  'SO  9  .TOO 

’  »?  b  O' 


V  S'  J«  ,'4  .’4  14  C  Sc 

SP  SB  SB  SB  SB  SB  So 

S'  SB  SB  SB  SB  SB  NB  Sc 

40  IXSOSCMMO  No 

,  .H  SB  sB  SB  SB  SB  SB  So 

.  7!  S0  J4  J4  J4  J4  .  So 

4«  J  4  4  4  o  .  So 

M  JO  J?  ii  U  V  0  _  Btm*fki 

.3  JQJO.JC.JC.JQ.O.  so 

II  /I  71  71  19  17  77  Sc 


Hi 


kl  MAP*  5; 


iV  .yiiftf.i'r  ..  "'4 


A;>prr„  .  j*  ma’F'U  *»4s  ••CA.a’ed  4r-C  ’h*  3i»' 
ti+‘  oo’icc  and  :c ’c  aooec  •  -c  ate'  see* 


BESOLTS 


>./*  (•  404!»w 

i  i.e'vfvt  Bjc»  B'*4* 
••'to  S'OOC 


'>■/*  ..'^Oklioo  CiCOO 
Si«  vjr4d4:  .(v>GooC 
Ov#'V/»  B4i»  0'«4* 


ME  THOODf  fXCAv 

Lncse 
Hi-*s  S»>cs« 

S"Cvf 

M4'«-  S,,ove 

M4*<0'  S-iwc 
b^cse 
M*'hv  -Ove 
BU’Oo  Sfxse 

M4'voS*'0*«' 
ShOv« 
M4'«v  Sh<)»« 


utilization 

l,  s  5r,  tnc 


S*  4r»d  li 

0i*r«*t  ' 

Sh  t'O  Lk 
B.4”«er  i' 

Sn  tnC  Li 

Bl4r»f'  ' 
y<  »sjvi 
BU'-'O' 1 
SH  J'rOLi 
Bl*ok*r  i. 
SH  41X3  Li 
&*"**' " 
^  4X3  Li 


GEOLOGIC  F  M 


Ecu*  R"*’  f-  ’■ 

*  pc'  R’W.  bc;u 
■')»  i  tg  F  loce^ct  *  0  *. 
■  ex'  B  0  ' 

Or  i  TU  F  CHeoc*  A  8  C 
‘o»r  R.«»  B  C  T  E 
P’F  So  '  T'”-  F  Kyeri C4 
.  Mt  L  I»*B.  0  E 
p-F  ip"’  T^' ^  ‘lo'e^e 

I,,,.  R,|«,  *  BC 
r  o’*  R  "*<  «  B  C 
«on  Hi»*>  A 
r  r.r*  R.i**  A 
f  Or*  Pi<4>  ABC 
•0»*  R'Ny  *6C 
ton  B.»y  A  B  C 
‘  Kyexc  C  D 
.')►  (  7L  *  tore-'t*  A  6  <_ 


PEC  MARKS 


ftjmc.  Ff>  »*’••*  I’OC  I  ‘  1 X 

'  pr*  Split  *>0*44  '  «C  »C  I7'**  S^  P'*«'4tR*': 

;s>  "1*10 T  p.e  SpM  a*>«>  »AC* 

Cool’ACtor  a«V'«C  to  ilKW  *"'»  *>  A  (JK'A- 

DrtxJuCIOr-  OLiSlir.f  '•0^*1!  WOC 

Co"t’4ctor  a»ir«e  to  itxwi  *'•>  ••  »  a*#* 
profluct-oo  M*st>nf  040 |*C 


MiPdi#  o*  ityji  e»c*ss  tinKS  *#t#r  poor  b'MM|« 

Sscl  dl^tfKI  . . .  If**  #!  top  O*  C  J* 


fl 


RESULTS 

L'.’JdJliOr  S./f  0* 


Ovtrs.jF 

V/FCi'AflAtu.'  Good 

S*Ot»  F4.f 


L/«  GfAdAton  Good 
Son*  OvF'V/f 

Sin*  Owcrii/c 

Gr  4<j«iioo  *nd  S*/4  Good 
G'4d4tK>n  And  S*/e  Good 
GradAtoo  And  S</#  Good 


Good  G'4d»l*on  Size 
Slope  Besets  Good 

Good  S'7«  4X3  G'AdAtOn 

Good  S.j«  And  GfAdAto*- 


METT400  Of  EXCAV 

Mai  ax-  Snov#' 
M*"0»  Snove 
Manot  Snove 

Mamoo  Shove 
MA’ior  Shovel 
MA'iOn  ShOVfl 

M  J'On  Shove1 
M*'*o'  Shovei 
Minor"  Shovel 
Mirvxi  Shovel 
Miron  Shovel 
D  9 

Minon  Shove' 
Mlnon  Shove' 
Minor  Shove 


UTILIZATION 

Sh  end  i  i 

Bucket 


w  S  Sh  4X3 
is  Bucket 
U  S  Sh  and 
ls  Bucket 
U  S  Sh  and 
.  s  Bucket 
U  S  Sh  and 
ls  Bucket 
u  S  Sh  and 
i  i  F»uoket 
u  S  Sh  And 
Li  Bucket 
Sh  ACdli  E'" 

E  m  pack  meet 

Sh  and  ii  fl11 
E  mbinkmenl 
Sh  and  Li  E't' 

E  m  back  merit 

Sh  and  Ii  flit 
E  mbanfcment 
Sh  axJ Li  Eiti 

Embankment 

Sh  and  Li  F  ill 

t  m  beck  meet 


GEOLOGIC  r  U 


r  B  B  ( 
(BCD 
i  P  BC 
F  «  BC 
F  B  BC 
F  #  CO 
F  B  C  D 
F  B  C  D 

F  B  c  0 
Florence  A  8 
F  R  E  OKET0 
F  Kxence  A  B 
f  B  E  OKETO 
Florence  A  6 
>  B  f  OKETO 
(lorexe  A  B 
f  ©rexe  A 

Florence  A  B 
f  lorexe  A  B 


Pnmetord  AX3  40K.  Or*  pr  .met  was 
Jied  due  to  4dpecen«  poeer'me 
Primjcorfl  and  40%  Dyn  primer  *11 
•as  uied  due  to  adiaceni  powertine 


Pr*  split  delay  shot  Mope  «***  t»**x>r  tteckbreek 
*IO''|  joints  in  upper  |7  0  LOwer  reNjttS  fOOO 


► 


REPUBLICAN  RIVER  KANSAS 

MILFORD  LAKE 
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BLASTING  RECORO 
TABLES  I.  2  AND  3 

Shrrl  No  I  Net '«  KOI* 

CORE1*.  Of  ENGINEERS  l)  S  ****’' 

kANSAS  O Tv  DISTRICT 

FILE  no.  B-M950 

APRa  iv* 


tr  shwl 

2- 


TABLES  1.2  » 


MILFORD  DAM 


Appr  oech  Beicn 
Appioach  Aim 
Tower  Aim 
R  Abut  Cutoff 
R  Abut  Cutoff 
lonOS 
Slop#  Above 

Stilling  Basin 

and  Outlet 
Chennet 
Approach  Bench 


Tower 

R  Abut  Cuiort 
Pre-Split 


Cutoff 

1  on  0  5—1  on  1 
Above  Stilling  Besm 
Ion  I 

Above  Outlet 


Final  Greae 
Right  Abutment 
Pre-  Split 


Ste  4  *  5b  5  •  00  u 
Ste  *  •  iX>  4  -  SOU 
Su  2+00  4-gou 
Ste  ?  *<Xi  jQ 
«  Ste  2 +  50  D 
Ste  2  +  50—5  +00  D 
Sta  2  +  5b  -6  +00  0 
Ste  4  -Ob  7  +  50  D 
Ste  5  +  Ob  7  +  SO  D 
Ste  7+50-IQ+50D 
Ste  7+50-8 +50  U 
Ste  6+Sb  7  +  50U 
Ste  S+0b-6  +  5OU 
Ste  5 »0b  2  +  50U 


j  ste  5  *  0b  7 
Cutoff  Siope 


Ste  2  +  50U— 2+SOD 
Ste  2  +  500-5+250 
*  £  Ste  5+25-7  +  50U 
Ste  J  +00—  lO  +  OOU 
Ste  4+50U— 4+OOU 
j  Ste  5+00-5  +00 U 

Cutoff  Stopet 
Ste  3+00U 

£  5 

**  Ste  3+00  U<t 

j  Ste  2  +  S0D<l 

ZtZ  .  Ste  U  +50 
A|-|  J5ta  20  +00  0 

r  *  Ste  17  +  00—20+00 
» 

,  .  Ste  7  +  00  0-0+00  0 


Equipment 

Hole  D 

Depth 

Pattern 

Angle 

Swpe 

No  of  Notes 

Surface  £1 

Bottom  El 

t  x plosive  column  l&»  m o™  u»  om 

.  5  60* 

A.r  Tiet 

.'6 

e  * 

weMn.e 

Na-  + 

St 

i  137  • 

AN  4  *jien 

1  yf’  1 

.  S  60% 

Aii  Tree 

i  . 

.>4 

6  4  10 

Ve'Tite 

1  onD  5 

94 

AN  4  Stem 

5C 

An  tree 

1  . 

74 

8  A  10 

ve>t<cei 

lO-OS 

Aif  tret 

3- 1 

2b 

8  *  10 

M"" 

None 

1  135  * 

1  111  • 

1  S  40*1 

Air  Tree 

}•. 

26 

a  *  10 

vertical 

None 

206 

AN  4  Stem. 

104 

1  S  40% 

Air  Tree 

3-, 

2b 

8  *10 

Vertical 

1  onO  5 

179 

1  140  * 

1  114  • 

AN  4  Stem 

90 

1  S  40% 

Air  Tree 

3'i 

26 

7  *  9 

Vertical 

1  on  1 

208 

1  14?  T 

1  i  16  * 

*  N  4  S’em 

i  104 

1  S  4C% 

Air  Tree 

3'  ■ 

26 

7  *9 

Vertical 

1  on  1 

240 

A  N  -  4  Stem 

C.  170 

1  S  40% 

Air  Tree 

J-.- 

26 

7  *9 

Vertical 

1  on  1 

266 

1  143  f 

1  117  f 

AN  4  Stem 

0  133 

1  S  40% 

A.r  Tree 

J‘« 

26 

7X9 

Vertical 

1  on  l 

90 

AN  4  Stem 

0  40 

Air  Tree 

J:-t 

8  X  10 

1  S  40% 

Rotary 

4‘  i 

16 

9  X  12 

Vertical 

None 

109 

1  111  + 

l  095  ' 

AN  4  Slam 

0  54 

1  S  40%  - 

Air  Tree 

JV 

16 

8  X  10 

Vertical 

None 

281 

A  N  -4  Stem 

0  150 

1  S  40% 

Air  Tree 

3‘y 

16 

9X!2 

Vertical 

None 

299 

Ah  4  Sfem 

C  425 

1  S  40% 

Air  Tree 

3-r 

16 

9  X  12 

Ve'tica- 

.onC  5 

316 

AN  4  Stem 

0  500 

Air  Tree 

3- ) 

16 

42  C  toC 

45' 

l  cm  1 

67 

1  114  + 

1  098  • 

.S  18 

4  Stem 

c  too 

MILFORD  DA 

DRILLING 

ELEVATION 

Equipment 

Mote  Die 

Depth 

Pattern 

Stop# 

No  of  Hotoo 

Surfaced 

Bottum  El 

EXPLOSIVE  COLUMN  Lbl  40%  Dyn  lb*  40%  Oyn 

1  Stick  40%  - 

)  Air  Tree 

Jv>  - 

16 

9X1? 

vertical 

None 

399 

1  114  T 

2  +  500 

AN  4  Stem 

0  800 

1  on  0  5 

4*000 

1  Sl<k4G%- 

Air  Tree 

3‘V 

16 

9  X  12 

Vertical 

1  on  1 

293 

1  116 

i  in 

A  N  -4  Stem 

1  Stic*  40% 

0  950 

A.r  Tree 

3*  r" 

24 

9  X  12 

Vertical 

1  on  1 

254 

1  117 

1  093  Final 

A  N  -  4  Stem 

0  600 

For  Bench 

1  Stic*  40%  - 

Air  Tree 

3W 

24 

9  X  12 

vertical 

1  on  1 

296 

10  +  50  D 

10  +  50  0 

A  N  -4  Stem 

0  300 

Air  Tree 

3% 

7X9 

1  Stick  40% 

Rotary 

4‘i 

12- 

10  X  14 

vertical 

loot  5 

157 

I  095  ♦ 

a+oou 

A  N  -4  Stem 

0  300 

Air  Tree 

3« 

9  X  12 

1  Stick  40% 

Rotary 

4'r, 

16 

10  X  1* 

vertical 

1  on  l  5 

170 

1  096 

A  N  4  Stem 

0  300 

17 

Air  Tree 

l‘‘l 

(24) 

48  C  toC 

45* 

1  on  1 

57 

1  067 

1090 

•  Stick  40%  19 

1  St<k  60%  - 

C  200 

Rotary 

4-i 

13 

10  *  14 

Vertical 

1  onO  5 

137 

1096 

AN  4  Stem  250  C 

Air  Tree 

1  onO  5 

1  Stick  60% 

Rotary 

4W 

17 

10  X  14 

Vertical 

1  on  1 

123 

1097 

250  0 

A  N  -4  Stem  100  300 

Air  Tree 

1  OnO  5 

l  Stick  65% 

Rotary 

31  j 

17 

10  X  14 

Vertical 

1  on  1 

87 

1  097 

A  N  4  Stern  100  1  250 

Air  Tree 

3-. 

l  Stick  40%  - 

Rotary 

4‘-» 

IS 

9  X  12 

Vertical 

1  on  1 

236 

1  163  * 

1  150 

A  N  — 4  Stem 

0  1  160 

Air  Tree 

3‘V 

1  St<k  40%  - 

Rotary 

4‘/> 

22 

9  X  12 

vertical 

1  on  1 

110 

1  150 

1  129 

A  N  -4  Stem 

0  300 

Air  Tree 

3‘» 

9+000 

FmaiGrabe 

1  Stick 40%  - 

Rotary 

4-i  • 

20 

9  X  12 

vertical 

I  On  1 

175 

5  +  000 

AN  -l  Stem 

0  1350 

Air  Tree 

3» 

1  Stick  40% - 

Rotary 

4-, 

.0 

10  X  12 

vertical 

1  On  1  5 

126 

1093 

1  073 

AN  4  Stem 

0  200 

SECTION 

ion  15  Slope 
Stilting  Basm 
Outiat 

Tower  Key 

LIFT  LOCATION 

‘  i 

Sta  7+00-5+00  0 

Sta  5+00-4+00  0 

Sta  2  +  50—4  +00  D 

Equipment  MoW  Die 

Air  Tree  3  i 

Rotary  4  » 

Air  Tree  3‘V 

Rotary  4‘, 

Air  Tree  J  r 

Rotary  4-  > 

Depth 

20 

20 

20 

DRILLING 

Pattern 

4  x  12 

9X1? 

9X12 

Angie 

Vertical 

vertical 

vertical 

Slope 

1  on  1  5 

1  on  1  5 

None 

No  of  Hole* 

60 

91 

82 

ELEVATION 
Surfaced  Bottom 

1  083  1  073 

MOO  MIC 

To«er  Key 

Sta  3  +  46  -  3  +  76 D 

Air  Tree 
Rotary 

50 

5X5 

Vertical 

Vertical 

57 

1  079 

1  072 

©recharge  Channel 

Sta  7  ♦  25  -4  + 10  D 

Rotary 

.  4i>  . 

l? 

4X8 

Vertical 

1  or  1  5 

123 

Discharge  Channel 

Sla  6+66—7  +50D 

Rotary 

.  *•'  . 

12 

8  x  10 

vertical 

1  on  1  5 

80 

1  062  • 

1  070 

Ofschergi  Channel 

c  ?  Sta  6+65-  7  +  ZSD 

Rotary 

.  . 

12 

8  r  12 

vertical 

38 

Discharge  Channel 

Sla  6  +66-7  +  25  D 

Rotary 

12 

10  X  15 

Vertical 

Ion  J  5 

48 

Stilling  Batin 

Sta  6  +  02  -4  +  50  0 

Rotary 

11 

6  X  8 

Vertical 

1  onO  5 

100 

Stilling  Basin 

Sta  6+02-4  +  500 

Rotary 

.  4' 

10 

6  X  8 

vertical 

1  onO  5 

175 

1  067  t 

1  057 

Stilting  Basin 

Sta  6+02  —  7+27  O 

ReAary 

.  4,1 

10 

6X9 

vertical 

1  onO  5 

153 

Stilling  Batm 

Sta  6+02  -7+27  0 

Rotary 

«•'» 

10 

6  X  10 

vertical 

1  onO  5 

53 

Sfiiltng  Basm 

Sta  4+70-6+020 

Rotary 

.  *'• 

10 

6  X  10 

vertical 

1  OnO  5 

63 

105?  t 

1  045 

Stilling  Batin 

j  Sta  4+00-4  +  730 

Rotary 

10 

6  X  10 

vertca1 

1  onO  5 

55 

1  S  40* 

A  N  -4  Stem 
1  S  40% 

A  N  -  4  Stem 
1  S  40% 

AN  4  Stem 


4  S  Dyn  2  Stem 
IS  40% 

A  N  -  4  Stem 
1  S  40%  «  10% 
ANA  Stem 
1  S  30% 

A  N  -  4  Stem 
1  S  40%  or  60% 

A  N  -  4  Stem 

6  Stick*  -6  Stem 
24  Such*  40%  - 
6  Stem 

Seme  e»  ebove 
Seme  a*  ebove 
Seme  a*  above 
Se meet  above 


/ 


MILFORD  DAM  BLASTING  RECORD  -  TABLE  4 

LOADING 

piosivc  COLUMN  Lt>»  H>M>yn  .  t*  «*,  Dyn  LM  A  N  ToUtEipto*  E  it  Yd  Rock  Lb»  Vd 


l  S  40% 

N  4  Ste~ 
l  $  40% 

N  4  Sitm 
l  $  40% 

4  Stem 

1/S  40% 

-  4  S!»<" 
40% 

4  St#rf. 

40% 

AN  -4  Stem 

vi  40% 

flH  -4  Sl»m 

».S  40% 

AN  -4  Stem 
1%  40% 

^■N  -4  Stem 
I'S  40% 

AN  —4  Stem 
WS  IS 
4  Stem 


MILFORD  DAM  BLASTING  RECORD  -  TABLE  S 


LOAOtNG 

%  Djm  LM  4i%  Dy*  Lb*  A  N  Total  Eiptoa  £«  Yd  Rock 


MILFORD  DAM  BLASTING  RECORD  -  TABLE  t 

LOADING 

COLUMN  LtM  M%  Oyn  Ltw  40%  Dyn  Lb.  A  N  ToUHE.pto*  EM  Vd  Rock  L 
1% 

-4  Stem  0  800  2  500  J  JOO  6  ”0 


M|l  —  Z  Stem 

[•'40% 

1-4  Stem 

P%o*«0% 
B-4  Slam 


CAPS  DELAYS  PRiMA 

1  2  3  4  5  CORO 


35  45  0  Jl  44  c 

55  2?  25  31  41  0 

ICC.'i  ?1  23  43  C 

125  25  25  25  40  0 

150  25  30  30  31  0 

IS  _  ll  IS  20  25  0 

29  20  W  26  1/  0 

LOS  43  44  45  4S  0 

.  10*  36  50  46  62  0 

94  59  38  II  l|  J 

.2  0  0.0  0  0 


CAPS  -  DELAYS 
0  12  14  5 


11?  52  45  45  65  0 

108  48  4  /  40  50  0 

112  38  42  32  40  0 

124  29  34  38  6!  0 

32  35  23  62  0  0 

25  V  33  32  SC  0 

1  0  0  0  0  0 

NR  NR  NR  NP  NR  NR 

NR  NR  NR  NR  NR  NR 
NR  NR  NR  NR  NR  NR 
119  24  30  25  38  0 

Jl  25  25  25  *4  0 

NR  NR  NR  NR  NR  NR 
U  26  22  20  41  0 


CAPS  -  DELAYS 

L6a  Vd  I  1  2  I  4  5 


0  30  15  IS  20 

0  30  20  IS  26 

12  .  20  0  0  .0 


Ma'cr  SfK-.« 
M»'<y  V>o»*' 
M a>«x  5r>o»e 
M4'«  Sn&.e 
Mj'<y  Shove1 


Ov»r»not  E.nt 

Overyhnt  1 1"* 


RESULTS 

Ovt'ShCl  f  >ne 
Ow*'\No»  F  rv» 
L'verthOt  F-ne 

Good 

Good 

Good 

Good 

Over  braa*  or  Stocm 
Ov*rCykjk  or.  Slooes 
Good 

l  *c#iient  Breakage 
Good 


UIIU2ATION  GEOLOGIC  f  tt 


1  R Ok  f  *C 


■  R-«y  OkE  tO 
1  >ortr\«  A  6 
t  R.w,  OkETO 
*  «cw«nce  A  B 


UTILIZATION  geologic  f  n 


SK4ndi.iF.il  Blue  Spr.np 
SN4NA8 


UTILIZATION  GEOLOGIC  F  M 


Scapart 

Sh  and  Li 

F.n  Blue  Spring*  Sh  AB 

V'»oa*i 

Sh  and  u  s 

E  Blue  Spring*  Sh  A  8 

Soape-s 

Sf  4*0  .  S 

f  .1  Blue  Springs  Sh  A  8 

Sn  ano  l 

'  il*  8‘ue  Spr  mg*  Zone  B 

z 

Sn  «nO  ^ 

F  •'  Blue  So*  mgs  Zone  B 

o 

« 

a 

Sh  ana  i 

r  Blue  Springs  Zone  B 

Q 

O 

z 

Sh  and  L 

l.h  Bme  Spr'-gs  Zone  B 

« 

Sh  and  l 

fill  Blue  Springs  Zone  8 

Kinney  Lt  and 

c 

Sh  and  .. 

F  .11  _  Upper  Wyamore  Sh 

r 

Kinney  1  *  and 

& 

Sh  and  i 

F  •"  upper  Wyamore  Sh 

£ 

Kinney  Lt  and 

— 

Sh  and  i 

Fit  upper  Wyamore  Sh 

K inn*y  Lt  and 

4 

Sh  and  i 

F|  jpoer  Wyamore  Sh 

? 

Sn  and  i 

Fill  Wyamore  B 

Sh  ano .. 

*  Wyamore  B 

Snot  D'OM  adjacent  oowen.ne 


Contractor  raqu.rad  to  ttern  Bottom  ot  holes  3  n 
drilling  daptt.  tor  thu  I'U  ancroacnad  on  dealing  limits 
(Manning  bulkhead 


No  data 

U  and  O  surfaces  tor  this  araa  were  ima  drilled 
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lOAQiNO 

U*AN  Lb*  W  Oyn  Lb*  «  0>«  ih  A  N  YqUIE«po»  i»t  »0  «<**  .dS 


CA")  OKA'S  ^KiU* 

0  :  J  i  *  LOHL5 


MCTHOOOf  £*CA»  UTILISATION 


AdOCC  Snooting  Stilling  BjV"  (•00'  g'*Ot  C  i  O'  , 
Aooo*  Snooting  Stilling  EU*><- 
AooO*  Snooting  St.inng  B#*<r  ttay 
AOoOe  Snooting  Stilling  Bov"  •100' 

AOOO*  Snooting  Swung  B*Vn  (tocx 
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BXMVKU  um.  summary  or  Test  Grouting  -  TABLE  10 
Feb-Nov  1962 

■Right  Abutment _ sta  82+20  to  sta  88+64 


Lineal  feet 

Sacks  of  Cement 

Drilled 

inleeted 

18  Primary  holes 

2,180 

3,825 

17  Secondary  holes 

2,051 

959 

34  Tertiary  holes 

4,094 

1,382 

16  Quaternary  holes 

1,374 

231 

11  Ancle  holes 

1 .  86Q 

PQfl.e; 

96  total 

11  ,068* 

6,687.5 

7,876  (Net) 

0.849  sack/lineal  f 

•Includes  676  lineal  feet  of  overburden  and  2,516  lineal  feet  of  horizons  not 
grouted,  (Ft.  Riley  zones  C  and  E  and  Oketo  Shale  and  Blue  Springs  Shale). 


-Left  Abutment _ sta  14 3+00  to  sta  i5i+oo 


21  Primary  holes 
20  Secondary  holes 
40  Tertiary  holes 
34  Quaternary  holes 
2  Quinary  holes 
5  Angle  ho las _ 


122  total 


Lineal  feet 


Sacks  of  Cement 


Drilled 

inleeted 

2,255 

3,846 

2,160 

1,824 

4,278 

984 

1,366 

184 

47 

4 

_ 602 

_ 47.75 

10,708* 
6,942  (Net) 


6,889-75 

0.992  sacks/lineal 


ft 


•includes  874  lineal  feet  of  overburden  and  2,892  lineal  feet  of  horizons  not 
grouted,  (Ft.  Riley  zones  C  and  E  and  Oketo  Shale  and  Blue  Springs  Shale). 


Feb-Nov  1963 


-  TABLE  11 


.Right  .Abutment _ s.fca  JBfl±25  to.  &ta.  90+8Q 


Lineal  feet 
Drilled _ 


Sack3  of  Cement 

_ lolaatfid - 


Primary  holes 
Secondary  holes 

20-  ler.tiar.Y  hQl&&  . 

total 


1 ,812.1 

799 

1,065.1 

197 

_  5I2-.-9 

_ 0. 

3,450.1 

996 

0.289  sacks/lineal  ft 


Sta  1*12+07  to  Sta  143+72 


Primary  holes 
Secondary  holes 
5  Tertiary,  holes, 
total 


1,126.1 

115 

1 ,064.8 

49 

.  226,8 

_n 

2,417-7 

178 

0.074  sacks/lineal  ft 


Table  -  11 


PHOTOGRAPHS 


PHOTOGRAPHS 


Milford  Dam, 
October  1962, 
Neg.  No. 
294-P4-3. 
Laborers  making 
up  "pig  tails" 
for  pre-split 
blasting. 


Milford  Dam, 
October  1962, 
Neg.  No. 
294-P4-2 . 
Loading  45° 
angle  holes  for 
pre-split 
blasting. 


Milford  Dam,  November  1962,  Neg.  No.  294-P4-1. 
Pre-split  back  slope  first  lift  left  abutment 
cutoff. 


Milford  Dam,  November  1962,  Neg.  No.  294-P3-16. 
Pre-split  right  abutment  cutoff. 


Milford  Dam, 
November  1962, 
Neg.  No. 
294-P3-2. 
Approach  slab 
foundation 
Blue  Springs 
shale  zone 
"A"  station 
3+9 6U  to 
station  3+76U. 


Milford  Dam, 
November  1962, 
Neg.  No. 
294-P1-14. 
Foundation  of 
south  approach 
wall,  station 
4+5 5U  to 
station  3+96U. 


12.  Milford  Dam,  November  1962,  Neg.  No.  294-P1-10. 
O.G.  station  foundation  from  station  4+50D  to 
station  4+75D,  landward  side,  Wymore  shale  zone 
"B" . 


Milford  Dam,  November  1962,  Neg.  No.  294-P2-15. 
Conduit  collar  excavation  in  Blue  Springs  shale 
zone  "B" . 


Milford  Dam, 
November  1962, 
Neg.  No. 

294-P3-3. 

Typical  cleavage 
plane  encountered 
in  the  "B"  zone 
of  the  Blue 
Springs  shale. 


20.  Milford  Dam,  November  1962,  Neg.  No.  294-P2-4. 
End  sill  vertical  surface  at  station  6+02D, 
Schroyer  limestone,  upper  section  of  surface  is 
protected  with  gunite  (Wymore  shale). 


21.  Milford  Dam,  November  1962,  Neg.  No.  294-P2-3. 

Closeup  of  end  sill  vertical  surface.  Line  drill 
holes  are  3  inch  OD.  White  masses  are  gypsum. 


22.  Milford  Dam,  November  1962,  Neg.  No.  294-P1-2. 
Stilling  basin  foundation  from  station  4+73D  to 
station  4+9 3D,  Schroyer  limestone. 


Milford  Dam,  November  1962,  Neg.  No.  294-P2-11. 
Joint  in  approach  slab  foundation  after  clean-up 
Blue  Springs  shale  zone  "A" . 


Milford  Dam,  March  1963,  Neg.  No.  294-P2-9. 

Looking  down  on  tower  area  from  top  of  cut.  The 
dark  depressions  are  joint  openings  after  clean-up 
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Milford  Dam,  March  1963,  Neg.  No.  294-P2-10. 
Tower  area  showing  joint  depressions  after 
cleanup. 
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Milford  Dam, 

March  1963, 

Neg.  No. 
294-P1-16. 

Sill  key 

(upstream) 

excavation. 

Note  wire  mesh 
on  vertical  walls 
in  foreground, 
workman  is 
spraying  gunite 
in  background. 


29.  Milford  Dam,  March  1963,  Neg.  No.  294-P2-1. 
Typical  foundation  for  crest  slab  in  lower 
Holmesville  shale. 


30.  Milford  Dam,  April  1963,  Neg.  No.  294-P1-5. 
Typical  foundation  for  crest  slab. 


31.  Milford  Dam,  April  1963,  Neg.  No.  294-P1-6. 
Typical  foundation  for  crest  slab. 


33.  Milford  Dam,  April  1963,  Neg.  No.  294-P2-5. 

Slope  foundation  for  crest  slab  in  Towanda  lime¬ 
stone.  Note  grouted  anchors.  Screeds  are  set 
for  backfill  concrete  due  to  overexcavation. 


Milford  Dam, 

May  1963, 

Neg.  No. 

294-P3-10. 

Placing 

grouted  anchors 
through  lean 
concrete  pad 
in  crest  slab 
area. 


Milford  Dam, 

May  1963, 

Neg.  No. 
294-P3-9. 

Air  track 
drills  drilling 
angle  holes  for 
anchors  in  key 
for  shale  pro¬ 
tection  slab. 


38.  Milford  Dam,  June  1963,  Neg.  No.  294-P2-7. 

Electric  powered  Marion  shovel  excavating  spillway 
rock  in  80  cubic  yard  end  dump  truck. 


41.  Milford  Dam, 
July  1963, 
Neg.  No. 

294 -PI -4. 

The  two  lower 
zones  of  the 
Towanda  lime¬ 
stone.  Note 
the  clay 
filled  solu- 
tioned  zone. 


42.  Milford  Dam, 
July  1963, 
Neg.  No. 
294-P3-7 . 
Drilling 
grout  hole 
with  CP  65 
drill. 


Milford  Dam, 
July  1963, 
Neg.  No. 
294-P3-6. 
Pressure  hole 


Milford  Dam, 
July  1963, 
Neg.  No. 
294-P3-8. 
Washing  grout 
hole  with 
air-water. 


Milford  Dam, 
July  1963, 
Neg.  No. 
294-P3-5. 
Grout  filled 
joint  at 
station  0+4617 
in  conduit 
foundation. 


Milford  Dam, 
July  1963, 
Neg.  No. 
294-P3-4. 
Grout  filled 
joint  at 
station  0+46U 
in  conduit 
foundation. 


Milford  Dam, 
August  1963, 
Neg.  No. 
294-P3-11. 
Placement  of 
screen  and 
riser  into 
well  by  crane. 


Milford  Dam, 
August  1963, 
Neg.  No. 
294-P3-13. 
Completed 
makeup  of  wood 
screen  and 
riser.  Note 
positions. 
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Milford  Dam, 
August  1963, 
Neg.  No. 
294-P3-14. 
Pump  being 
used  to 
develop 
relief  well 
by  over- 
pumping. 
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SUPPLEMENT  A 


SUPPLEMENT  A 


INSTALLATION  OF  ABUTMENT  GROUT  CURTAINS,  MILFORD  DAMSITE 


A-01.  General.  In  accordance  with  authorization  from  O.C.E., 
experimental  drilling  and  grouting  operations  were  initiated  by  hired  labor 
crews  1  February  1962  on  the  right  abutment  of  Milford  damsite.  The 
objectives  were  as  follows:  (1)  To  determine  whether  installation  of  a 
satisfactory  grout  curtain  could  be  accomplished  by  means  of  vertical  holes 
instead  of  angle  holes.  (2)  To  determine  whether  grout  holes  of  NX  size  could 
be  more  economically  drilled  by  use  of  air  as  the  drilling  fluid.  (3)  To 
determine  which  type  of  drill  bit  could  perform  the  drilling  with  the  greatest 
economy.  All  vertical  holes  were  drilled  and  grouted  in  accordance  with  the 
"stop"  method,  in  which  each  hole  is  drilled  to  full  depth  and  then  pressue 
tested  and  grouted  by  means  of  packer  settings  made  at  successively  shallow 
depths  in  the  hole  until  the  highest  zone  encountered  in  the  hole  has  been 
grouted.  On  completion  of  the  grouting  of  any  vertical  hole  in  this  manner, 
the  hole  was  immediately  backfilled  with  suitably  heavy  grout.  No  casing  was 
used  except  in  holes  drilled  thru  the  sand  that  overlies  the  landward  360  feet 
of  the  left  abutment  experimental  grout  curtain.  All  holes  were  of  standard 
NX  size.  A  total  of  16  angle  holes,  all  inclined  at  an  angle  of  20  degrees 
with  the  vertical,  were  drilled  for  the  purpose  of  ascertaining  the  effec¬ 
tiveness  of  the  vertical-hole  type  of  grouting.  Pressures  used  in  the 
pressure  testing  and  the  grouting  were  generally  (but  not  always)  in  the  range 
of  1.5  and  2.0  pounds  per  foot  of  vertical  depth.  This  includes  so-called 
column  pressure.  Generally,  the  gate  pressure  at  the  grout  header  would 
register  as  many  pounds  as  the  distance  in  feet  between  the  ground  surface 
and  the  bottom  of  the  inflated  packer.  When  grout,  "takes"  were  very  rapid, 
there  was  no  attempt  made  to  maintain  what  would  constitute  a  maximum 
allowable  pressure.  Higher  pressures,  up  to  3.0  pounds  per  foot  of  vertical 
depth,  were  often  applied  when  the  grout  injection  rate  appeared  to  be  much 
lower  than  the  grout  injection  rate  that  had  been  indicated  as  probable  by  the 
pressure  testing.  Final  grouting  pressures  were  generally  in  the  high  range 
unless  a  very  large  volume  of  grout  had  been  injected,  in  which  case  the 
possibility  of  "jacking"  the  rock  was  taken  into  careful  account,  for  the 
•  greater  the  volume  of  grout  injected,  the  greater  the  danger  of  "jacking." 

A-02.  Spacing  of  Grout  Holes  Because  the  "stop"  method  of  grouting  was 
employed,  hole-to-hole  communication  of  water  or  grout  was  carefully  avoided. 
Primary  holes  were  drilled  and  grouted  at  80-foot  intervals,  and  then  a  second 
set  of  primary  holes  was  drilled  and  grouted  at  intervals  midway  between  the 
initial  set  of  primary  holes.  Thus  the  primary  holes,  though  actually  drilled 
at  80-foot  intervals,  were  finally  spaced  at  40-foot  intervals  along  the  two 
experimental  grout  curtains.  The  secondary  holes  were  spaced  in  exactly  the 
same  manner  as  were  the  primary  holes,  except  in  cases  involving  the 
possibility  of  interference  with  contractors’  operations  in  the  immediate 
area.  In  such  cases,  the  drilling  and  grouting  sequence  was  altered  to  avoid 
interference. 

Tertiary  holes  were  also  drilled  and  grouted  at  80-foot  intervals  initially, 
and  were  not  drilled  at  40-foot  intervals  until  the  last  "pass"  of  tertiary 
holes  was  being  made  after  three  grouted  holes  intervened  between  successive 
tertiary  holes  along  the  line. 
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A-0^.  Location.  The  left  abutment  arout  curtain  is  located  between 
Stations  143+00  and  151+00  on  the  dam  axis.  The  right  abutment  grout  curtain 
is  located  along  a  line  that  originates  at  a  point  on  Station  82+20  of  the  dam 
axis  and  extends,  in  succession,  to  the  following  five  points: 

Dam  Axis 
-Station 

Ranee 

84+60 

Centerline  of  dam 

85+62.23 

0+63.0'  Upstream 

87+02.04 

0+62.85'  Upstream 

88+04.42 

Centerline  of  dam 

88+64.42 

Centerline  of  dam 

A-04.  Bedrock  stratigraphy.  —Bedrock  in  both  abutments  consists  of  a 
sequence  of  limestone  and  shale  beds,  all  of  Permian  age,  and  in  decending 
order  are  as  follows: 

a.  Towanda  limestone  member:  —The  Towanda  is  a  hard,  dense, 
thin-bedded  limestone  about  15  feet  thick.  Solutioning  and  softening  due  to 
weathering  has  opened  the  bedding  planes  and  joints  in  the  limestone  and 
appreciably  reduced  the  strength  of  several  thin  interbedded  shale  layers. 

b.  Holmesville  shale  member.  — The  Holmesville  is  13  to  18  feet 
thick,  soft,  laminated,  and  interbedded  with  thin  discontinuous  limestones 
toward  the  base.  A  solution  zone  is  generally  present  within  five  feet  of  the 
base. 


c.  Fort  Rllev  limestone  member.  — The  Fort  Riley  member  is  about 
38  feet  thick  at  the  damslte  and  consists  of  thin-bedded  to  massive, 
argillaceous  and  shaly  limestone.  It  has  been  subdivided  on  the  basis  of 
lithology  into  five  zones  in  descending  order  as  follows: 

(1)  Zone  A. — Zone  A,  the  upper  zone,  consists  of  approxi¬ 
mately  13  feet,  of  thin-bedded,  moderately  bard,  dense,  argillaceous  and  shady 
limestone. 


(2)  Zone  B.  —Zone  B  is  medium-bedded,  moderately  hard, 
argillaceous,  light  gray  limestone  about  6  feet  thick.  It  contadns  scattered 
vugs  or  solution  pits. 

(3)  Zone  C.  —Zone  C  is  limestone  about  9  feet  thick,  thin- 
bedded,  moderately  hard,  dense,  argillaceous,  and  light  to  dark  gray. 

(4)  Zone  D.  —Zone  D  is  a  hard,  dense,  massively  bedded 
limestone.  It  is  characteristically  solution  pitted.  Zone  D  is  approxi¬ 
mately  8  feet  thick  and  forms  a  conspicuous  outcrop  called  the  "rimrock"  along 
the  valley  walls  at  the  damsite. 
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(5)  Zone  E.  —Zone  E  is  the  basal  member  of  the  Fort  Riley 
and  is  a  massive  limestone  ranging  in  thickness  from  less  than  a  foot  to 
4  feet.  It  is  hard,  fine-grained  and  dark  gray. 

d.  Qketo  shale  member.  — The  Oketo  member  is  moderately  hard, 
calcareous,  massive,  dark  gray  shale  which  ranges  in  thickness  from  it. 5  to 
6.8  feet.  It  is  the  most  competent  shale  at  the  damsite  and  shows  unusually 
high  resistance  to  weathering  and  slaking. 

e.  Florence  limestone  member.  —The  Florence  member  consists 
generally  of  about  36  feet  of  hard,  cherty,  thin  to  medium  bedded  limestone. 

It  has  been  subdivided  on  the  basis  of  lithology  into  four  zones  in  descending 
order  as  follows: 

(1)  Zone  A.  —Zone  A  is  a  hard  limestone,  thin  to  medium 
bedded,  dense,  very  cherty  (nodular),  gray  and  tan  colored.  It  is  about 
15  feet  thick. 


(2)  Zone.  B.  —Zone  B,  about  5.5  feet  thick,  is  a  massive, 
hard,  dense,  tan  limestone  containing  numerous  small  vugs  or  solution  pits. 

(3)  Zone.  C . — Zone  C  is  about  11  feet  thick,  is  a  thin- 
bedded,  hard,  dense,  cherty  limestone  of  tan  and  gray  color. 

(iJ)  Zone  D.  — Zone  D  is  about  4.5  feet  thick.  It  is  lime¬ 
stone,  thin  to  medium  bedded,  dense  and  gray.  It  becomes  very  shaly  at  its 
base. 


f.  Blue  Springs  shale  member.  — The  Blue  Springs  shale  is  about 
33  feet  thick  and  has  been  subdivided  on  the  basis  of  lithology  into  two 
zones.  The  upper  zone  (A)  is  about  20  feet  thick  and  consists  of  soft, 
calcareous,  red  and  green  shale.  It  contains  a  limestone  bed  about  1  foot 
thick  near  its  base.  The  lower  zone  (B)  is  about  13  feet  thick  and  consists 
of  a  fissile,  moderately  hard,  calcareous,  dark  gray  shale.  Zone  B  contains 
an  occasional  nodule  and  a  few  thin  seams  of  gypsum.  The  gypsum  amounts  are 
so  minor  that  solutioning  of  them  should  not  materially  affect  foundations. 

A-05.  Sequence  of  operations,  right  abutment.  —Drilling  and  grouting 
began  on  1  February  1963  and  was  completed  on  3  July  1963  by  means  of  a 
Failing  1500  "S"  type  rotary  drill  employing  air  as  the  drilling  fluid.  An  NX 
hole  was  drilled  to  full  depth  by  means  of  fishtail  and  rock  bit.  The  bole 
was  then  grouted  by  the  "stop"  method  of  grouting,  which  consists  in  drilling 
a  hole  to  full  depth,  then  pressure  testing  and  grouting  the  lowest  zone 
present;  then,  with  successively  shallower  settings  of  an  inflatable  packer, 
pressure  testing  and  grouting  each  groutable  horizon  of  the  hole  until  the 
uppermost  groutable  horizon  has  been  grouted.  The  grouted  hole  is  then 
backfilled,  this  being  done  by  means  of  a  tremie  pipe  unless  the  grout  present 
in  the  hole  is  at  a  level  above  the  20-foot  depth,  in  which  case  the  backfill 
grout  is  merely  squirted  into  the  top  of  the  hole  by  means  cf  the  grout 
delivery  line. 
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Four  other  holes,  spaced  at  40-foot  intervals,  were  then  successively 
drilled  and  grouted  in  the  above-indicated  manner,  with  each  hole  being 
completed  ( pressure- test ed ,  grouted  and  backfilled)  prior  to  the  start  of  any 
nearby  hole.  The  five  completed  holes  were  then  tentatively  designated  as 
"primary,"  pending  the  performance  of  holes  to  be  drilled  midway  between  them. 

A  secondary  hole  and  two  tertiary  holes  adjacent  to  it  were  completed 
next,  so  as  to  provide  as  soon  as  possible  a  grouted  section  of  line  that 
could  be  tested  for  tightness  by  means  of  a  test  hole  angled  at  20  degrees. 
Accordingly,  the  section  of  line  between  Stations  83+80  and  84+20,  having  five 
vertical  grout  holes  at  10-foot  intervals,  was  ready  for  testing. 

The  five  holes  had  taken  a  total  of  418  sacks  of  cement  (grout),  but  it 
was  not  known  whether  there  existed  sufficient  communication  between  open 
horizontal  bedding  planes  and  vertical  joints  so  as  to  allow  free  movement  of 
grout  to  vertical  joints  not  encountered  by  the  drill. 

An  angle  hole  of  NX  size,  inclined  riverward  at  an  angle  of  20o  with 
the  vertical,  was  drilled  to  full  depth  (127.0  feet)  with  a  Longyear  Model  44 
rotary  drill.  This  hole,  experimental  hole  83+60,  was  then  pressure  tested 
and  grouted  by  the  "stop"  method  of  grouting.  In  four  successive  settings  of 
the  packer,  it  was  proved  that  the  lower  four  of  the  then-supposed  five 
groutable  zones  encountered  in  the  hole  were  tight.  The  lower  half  of  the 
Florence  limestone,  the  upper  half  of  the  Florence  limestone,  and  the  "D"  and 
"B"  zones  of  the  Fort  Riley  limestone  proved  to  be  tight.  The  "A"  zone  of  the 
Fort  Riley  limestone  could  not  be  satisfactorily  pressure  tested.  Since  the 
base  of  the  Towanda  limestone  is  10  feet  above  spillway  crest  elevation, 
grouting  was  not  considered  necessary.  After  testing  the  first  20-degree 
angle  hole,  it  was  decided  to  bring  more  of  the  grout  line  to  a  10-foot¬ 
spacing  as  soon  as  possible,  and,  with  additional  20-degree  angle  holes, 
verify  what  the  first  angle  hole  had  indicated:  that  vertically  drilled  holes 
might  prove  to  be  a  satisfactory  means  of  delivering  the  grout  to  the  vertical 
joints.  Accordingly,  nine  more  holes  were  drilled  and  grouted,  as  above,  and 
generally  in  the  order  dictated  by  the  necessity  for  avoiding  conflict  with 
the  access  road  Contractor. 

Thus  the  next  nine  holes  to  be  completed  were  drilled  and  grouted  in  what 
appears  to  be  aimless  order:  tertiary,  primary,  tertiary,  primary,  etc.  At 
this  point  in  the  operation,  with  18  vertical  holes  drilled  and  grouted, 
enough  of  the  grout  line  had  been  completed  with  10-foot-spaced  holes  so  as 
to  provide  a  grouted  section  for  additional  testing  by  means  of  a  second 
20-degree  angle  hole.  However,  Contractor's  operations  in  the  area  prevented 
drilling  of  the  planned  angle  hole.  Accordingly,  the  second  angle  hole  was 
drilled  elsewhere  (at  Station  83+68).  This  hole  (angle  bole  83+65)  was 
drilled  to  depth  50  feet  with  air  as  the  drilling  fluid.  It  could  not  be 
drilled  deeper  by  such  means,  and  water  was  then  used  as  the  drilling  fluid  in 
advancing  the  hole  to  full  depth,  through  the  Florence  limestone  and  into  the 
Blue  Springs  shale. 

The  second  angle  hole  gave  results  similar  to  those  of  the  first  angle 
hole,  proving  tight  in  all  horizons  below  the  "A"  zone  of  the  Fort  Riley 
limestone,  with  that  zone  taking  38  g.p.m.  of  water  in  the  pressure  test  and 
13  sacks  of  cement  (grout). 
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NOTE:  In  the  light  of  experience  gained  in  testing  and  grouting  of  the 
Holmesville  shale  since  that  time,  it  is  considered  likely  that  the  13  sacks 
of  cement  (grout)  entered  the  Holmesville  shale  instead  of  the  "A"  zone  of  the 
Fort  Riley  limestone.  During  subsequent  operations,  much  grout  was  injected 
into  a  stained  solution-opened  horizontal  bedding  plane  that  persists  in  the 
lower  part  of  the  Holmesville  shale.  This  bedding  plane,  undoubtedly 
encountered  by  the  20-degree  angle  hole,  could  easily  have  been  opened  wider 
during  the  pressure  test.  The  water  pressure  (35  p.s.i.  on  gage,  plus  head 
pressure)  totaled  49  p.s.i.:  too  much  to  apply  to  the  bedding  plane,  which 
lies  at  a  vertical  depth  of  36-37  feet  at  this  location  on  the  grout  line. 

A  third  test  hole  83+00),  angled  at  20-degrees,  was  then  drilled  to  full 
depth  at  a  location  approximately  60  feet  southward  of  the  first  two  angle 
holes.  It  proved  tight  in  all  zones  below  the  "A"  zone  of  the  Fort  Riley 
limestone,  which  horizon  took  4  sacks  of  cement  (grout).  At  this  point  in  the 
experimental  grouting  operation,  it  became  reasonably  certain  that  the  right 
abutment  grout  curtain  could  be  satisfactorily  installed  by  means  of  vertical 
holes  spaced  at  10-foot  intervals  and  grouted  by  the  "stop"  method.  Two 
additional  angle  holes  were  drilled  and  tested. 


Angle  hole  83+05,  drilled  with  air  as  the  drilling  fluid  and  tested 
progressively  (by  stage  method)  as  the  hole  was  advanced,  took  24  g.p.m.  of 
water  and  14  sacks  of  cement  (grout)  in  the  Florence  limestone.  But  this,  the 
first  angle-hole  "take"  in  the  Florence  limestone,  was  attributed  to  the  fact 
that  this  section  of  Florence  had  not  been  grouted  on  10-foot  centers,  but  on 
20-foot  centers.  (Tertiary  hole  83+50,  which  later  halved  the  20-foot  space, 
had  not  yet  been  drilled.)  Again,  in  this  angle  hole,  there  was  a  very 
considerable  "take"  (59  sacks  cement)  when  the  packer  was  set  in  the 
Holmesville  shale.  This  "take,"  then  supposed  to  have  occurred  in  the  "A" 
zone  of  the  Fort  Riley  limestone,  is  now  believed  to  have  occurred  in  the 
solution-opened  horizontal  bedding  plane  that  is  present  in  the  lower  part  of 
the  Holmesville  shale.  A  fifth  angle  hole  (83+70),  drilled  with  water  as  the 
drilling  fluid,  proved  tight  in  all  zones  except  the  "D"  zone  of  the  Fort 
Riley  limestone,  where  four  sacks  of  cement  (grout)  were  injected. 


At  this  point  in  the  operation,  a  review  of  the  drilling  and  grouting 
data  indicated  that  10-foot  spacing  of  grout  holes  would  generally  suffice  to 
achieve  installation  of  the  grout  curtain,  and  that  vertical  holes  could  be 
employed.  All  drilling  and  grouting  operations  that  followed  were  performed 
in  a  more  orderly  manner.  Primary  holes,  initially  spaced  at  80-foot 
intervals  and  finally  at  40-foot  intervals,  were  drilled  to  full  depth  and 
then  grouted  by  the  "stop"  method.  The  interval  between  open  ungrouted 
primary  holes  was  always  kept  at  80  feet,  which  was  adequate  to  prevent  hole- 
to-hole  communication  of  grout.  When  the  drilling  and  grouting  of  the  primary 
holes  were  completed,  work  was  begun  on  the  remaining  secondary  holes.  Again, 
hole-to-hole  communication  of  grout  was  carefully  avoided  by  maintaining  an 
80-foot  interval  between  successive  open  (ungrouted)  secondary  holes.  Upon 
completion  of  the  secondary  holes,  the  tertiary  holes  were  drilled  and  grouted 
in  similar  manner,  with  the  80-foot  interval  between  open  tertiary  holes 
usually  maintained. 
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Completion  of  the  34  tertiary  holes  resulted  in  a  completed  grout  hole  at 
each  10-foot  interval  along  the  entire  length  (680')  of  the  line.  With  the 
line  thus  brought  to  10-foot  spacing,  it  was  thought  proper  to  test  the 
tightness  of  the  grout  curtain  by  means  of  angle  holes  drilled  into  various 
parts  of  the  curtain  that  were  suspected  of  being  open.  In  general,  those 
parts  of  the  curtain  that  had  taken  little  or  no  grout  were  suspected,  since 
it  was  assumed  that  failure  of  a  zone  to  accept  grout  had  been  caused  by 
failure  of  the  vertical  grout  holes  to  communicate  with  vertical  joints. 

Accordingly,  six  additional  200  angle  holes  were  drilled  to  full  depth 
at  Stations  87+82,  87+34,  86+51,  85+50,  84+54  and  82+65. 

Combined  grout  "takes"  of  the  final  six  20-degree  angle  holes  was  as 
follows: 


Sacks  Cement  (Grout) 

Zone  (Total  for  six  holes) 


Towanda  limestone 

88 

Holmesville 

shale 

35 

A  Zone  (Ft. 

Riley) 

27 

B  Zone  (Ft. 

Riley) 

4 

D  Zone  (Ft. 

Riley) 

0 

Florence  limestone 

0 

As  a  final  precautionary  effort,  eight  more  vertical  quaternary  holes, 
spaced  at  10-foot  intervals,  were  added  in  the  most  landward  75-foot  section 
of  the  grout  line,  (Station  88+25  to  Station  89+00).  Only  16  of  a  possible 
total  of  68  quaternary  holes  were  drilled.  Thus  the  right  abutment  grout 
curtain  is  grouted  with  vertical  5- foot-spaced  holes  along  160  feet  (24))  of 
it  680-foot  length.  The  remaining  520  feet  of  the  grout  curtain  is  grouted 
with  vertical  holes  spaced  at  10-foot  intervals.  Only  four  of  the  16 
quaternary  holes  penetrated  the  Florence  limestone.  Thus  only  40  feet  (6?)  of 
the  lateral  extent  of  the  Florence  limestone  is  grouted  with  vertical  holes 
spaced  at  five-foot  intervals,  while  640  feet  of  it  (94))  is  grouted  with 
vertical  holes  spaced  at  10-foot  intervals. 

A-06.  Sequence  of  operations,  left  abutment.  —Drilling  and  grouting  on 
the  left  abutment  began  on  5  July  1962  and  was  completed  15  November  1962. 
Towanda  limestone  in  the  immediate  area  was  overlain  by  a  blanket  of  sand 
approximately  13  feet  thick  and  casing  was  required  in  drilling  some  of  the 
grout  holes.  The  first  phase  of  the  work  consisted  in  drilling  and  grouting 
eleven  primary  boles  spaced  at  80-foot  intervals  along  the  entire  800-foot 
length  of  the  grout  line  (Station  151+00  to  Station  143+00  on  the  dam  axis). 
The  second  phase  of  the  work  consisted  in  drilling  and  grouting  10  more 
primary  holes,  spaced  at  80-foot  intervals,  with  each  successive  hole  being 
looated  midway  between  successive  pairs  of  the  initial  eleven  primary  holes. 

Of  the  21  primary  holes  drilled,  oomplete  loss  of  drilling  fluid  (water) 
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occurred  in  fifteen.  With  the  21  primary  holes  completed  at  40-foot  intervals 
along  the  entire  length  of  the  grout  line,  a  comparison  of  the  cement  (grout) 
consumption  that  had  occurred  in  the  two  groups  of  primary  holes  was  made. 

The  first  group  (eleven  holes)  took  a  total  of  1,931  sacks  of  cement  (grout), 
for  an  average  of  176  sacks  per  hole.  Florence  limestone  took  an  average  of 
70.4  sacks  per  hole.  The  second  group  (ten  primary  holes),  which  were 
regarded  as  "secondary"  primary  holes,  took  a  toted  of  1,915  sacks  of  cement 
(grout),  for  an  average  of  192  sacks  per  hole,  and  the  Florence  limestone  took 
an  average  of  55  sacks  per  hole.  The  conclusions  arrived  at  were  as  follows: 

a.  Grout  injected  into  the  first  grour  of  primary  holes  had  not 
traveled  a  distance  of  80  feet  horizontally  in  any  of  the  grouted  zones  above 
the  Florence  limestone. 

b.  Grout  injected  into  the  Florence  limestone  could  possibly  have 
traveled  more  than  80  feet  horizontally. 

c.  The  secondary,  tertiary,  and  other  grout  holes  yet  to  be 
drilled  could  safely  be  left  open  without  the  risk  of  their  being  accidentally 
undergrouted  by  premature  introduction  of  grout  originating  from  grout-pumping 
operations  conducted  on  holes  80  feet  away.  As  the  Florence  limestone  had 
taken  thick  grout  rather  well,  it  was  believed  that  the  grout  already  placed 
in  that  member  would  prevent  hole-to-hole  travel  of  grout  in  secondary  holes. 

Drilling  and  grouting  of  the  secondary  holes  with  the  80-foot  interval 
between,  was  maintained  as  successive  "passes"  of  the  drill  and  grout  machine 
were  made  along  the  grout  line.  However,  the  drilling  and  grouting  sequence 
was  interrupted  after  only  13  of  the  20  secondary  holes  had  been  completed, 
when  the  Contractor  expressed  a  desire  to  begin  cut-off-trench  blasting 
operations  along  the  riverward  100  feet  of  the  grout  line.  It  then  became 
necessary  to  complete  the  landward  100  feet  of  grout  line  early  by  drilling 
and  grouting  the  following  six  tertiary  holes  ahead  of  schedule:  Stations 
143+50,  143+10,  143+90,  143+70  and  143+30. 

After  the  landward  100  feet  of  grout  line  was  completed  on  10-foot 
centers,  the  remaining  seven  secondary  holes  were  drilled  and  grouted,  which 
made  a  grouted  hole  at  each  20-foot  interval.  A  complete  loss  of  drill  water 
occurred  during  drilling  of  two  of  the  secondary  holes.  Tertiary  drilling 
began  with  40-foot  spacing  in  order  to  shorten  "moves"  of  the  drill  and 
grouting  machine  but  after  five  holes  were  complete  inter-hole  communication 
occurred.  Wash  water  from  tertiary  hole  150+90  traveled  through  the  sand 
overlying  the  Towanda  limestone,  or  possibly  through  the  Towanda  joints,  and 
entered  cased  tertiary  hole  150+50.  The  80-foot  spacing  was  resumed. 


During  the  last  (third)  teritary-hole  "pass"  along  the  grout  line;  with 
three  completely  grouted  and  backfilled  holes  between  the  successive  pairs  of 
remaining  tertiary  holes,  the  80-foot  interval  was  discontinued  in  favor  of 
the  40-foot  interval.  On  completion  of  all  (40)  tertiary  holes,  the  grout 
line  included  a  completed  (grouted)  hole  at  each  10-foot  interval  along  the 
full  length  of  the  line. 
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A  stage-drilled  angle  test  hole,  (hole  149+68),  was  then  drilled  in  order 
to  test  "tightness"  of  the  grout  curtain.  This  hole  was  inclined  riverward 
twenty  degrees.  It  took  9  sacks  of  cement  (grout)  in  the  "A"  zone  and  5-3/4 
sacks  in  the  "D"  zone  of  the  Fort  Riley  limestone,  with  all  other  groutable 
zones  proving  tight.  As  the  injected  grout  was  of  high  water-cement  ratio 
(3:1,  2:1  and  1.5:1)  and  as  the  time  required  for  injection  of  the  grout  was 
in  both  cases  rather  prolonged,  (9-sack  injection  requiring  68  minutes,  5-3/4- 
sack  injection  requiring  60  minutes),  it  was  concluded  that  the  two  "takes"  of 
grout  were  not  great  enough  to  warrant  the  drilling  quaternary  holes  in  that 
area  of  the  grout  curtain.  The  10-foot  spacing  of  holes  appeared  to  be 
sufficient. 

The  overburden  overlying  the  top  of  bedrock  was  troublesome  in  that  it 
very  often  was  not  firm  enough  to  provide  sufficient  purchase  for  the  setting 
of  grouting  packers.  As  a  result,  in  many  parts  of  the  grout  curtain,  the 
uppermost  groutable  horizon  had  been  undertreated.  A  series  of  shallow 
quaternary  holes  was  drilled,  along  with  additional  20-degrees-angle  test 
holes.  The  results  of  pressure-testing  and  grouting  of  the  five  20-degree- 
angle  test  holes  are  as  follows: 

Sacks  Cement  (Grout) 

Zsua  (Total  for  Five  Holes) 

Towanda  limestone  2 

Holmesville  shale  0 

"A"  Zone  (Fort  Riley)  27-1/2 

"B"  Zone  (Fort  Riley)  0 

"D"  Zone  (Fort  Riley)  18-1/4 

Florence  limestone  0 


After  completion  of  34  quaternary  holes,  two  shallow-depth  quinary  holes 
(145+42.5;  145+62.5)  were  drilled  in  two  areas  of  the  grout  curtain  suspected 
of  being  open.  The  two  holes  took  a  total  of  four  sacks  of  cement  (grout). 
Only  34  of  a  possible  80  quaternary  holes  were  drilled.  Thus  the  left 
abutment  grout  curtain  is  grouted  with  vertical  5-foot  spaced  holes  along  only 
340  feet  (43J)  of  its  800-foot  length.  The  remaining  460  feet  of  the  grout 
curtain  is  grouted  with  holes  spaced  at  10-foot  intervals.  Only  14  of  the  34 
quaternary  holes  penetrated  the  "D"  zone  of  the  Fort  Riley  limestone,  and  only 
four  of  them  penetrated  the  Florence  limestone.  Thus  only  130  feet  ( 16% )  of 
the  lateral  extent  of  the  "D"  zone  of  the  Fort  Riley  limestone  was  grouted 
with  vertical  holes  spaced  at  5-foot  intervals,  and  only  a  5J  of  the  Florence 
limestone  was  grouted  on  such  close  spacing  of  holes. 


A-07>  Results  and  Conclusions.  Results  of  the  experimental  drilling 
and  grouting  program  are  summarized  in  tables  1  thru  18,  Pages  IV-A-17  thru 
IV-A-33.  The  following  conclusions  were  made: 

(1)  Inclined  (angle)  drill  holes  are  not  necessary  for 
installation  of  a  grout  curtain  but  because  they  offer  a  better  chance  for 
inception  of  vertical  joints,  angle  holes  are  superior  to  vertical  holes  as  a 
means  of  grouting  a  formation  containing  vertical  Joints. 

(2)  The  use  of  air  as  a  drilling  fluid  proved  workable  but  was 
less  effective  than  the  use  of  water.  Air-drilling  was  given  a  trial  and  then 
abandoned  in  favor  of  the  water  drilling.  As  employed  in  drilling  14  of  the 
96  NX-size  holes  of  the  right  abutment  grout  curtain,  the  air-drilling  rate 
averaged  only  half  as  fast  as  water-drilling.  Water-drilling  proved  superior 
in  several  instances  when  drill  rods  and  drill  bit  suddenly  became  tightly 
widged  in  the  hole.  Just  as  a  drill  that  employs  water  as  the  drilling  fluid 
can  lose  the  water  in  an  open  joint,  so  a  drill  that  employs  air  as  the 
drilling  fluid  can  lose  air  to  such  extent  that  very  little  air  (far  too 
little  to  remove  cuttings  from  the  hole)  returns  to  the  ground  surface.  When 
such  action  occurs  in  an  air-drilled  hole,  not  all  the  cuttings  can  escape 
into  the  open  joint  that  is  accepting  the  air,  especially  if  the  drill,  as  it 
descends,  next  enters  a  soft  or  a  fairly  moist  shale.  As  moist  or  wet  shale 
does  not  readily  reduce  to  a  manageably  buoyant  powder  or  to  small  non¬ 
adhering  particles  of  rock,  the  result  is  often  an  accumulation  of  moist  shade 
particles  (probably  at  a  level  slightly  above  the  indicated  open  joint).  As 
drilling  is  continued,  the  particles  rapidly  collect  into  an  adhering  mass 
that  prevents  upward  travel  of  the  air  and  soon  causes  the  drill  rods  to 
become  tightly  bound.  Injections  of  water  or  detergent- treated  water  through 
the  air  line  prevented  the  above  described  action  to  some  extent  but  not  to  a 
sufficient  extent. 

(3)  The  bit  found  to  be  most  effective  for  drilling  of  the  very 
cherty  Florence  limestone  proved  to  be  the  K-2  type  of  roller  rock  bit.  The 
next  best  bit  used  was  the  K-1  type  of  roller  rock  bit.  Both  types  are 
manufactured  by  Oil  Tool  Manufacturing  Co.,  Inc.,  of  Tonkawa,  Oklahoma,  and 
the  writer  recommends  the  K-2  type  for  NX  boring  of  hard  material.  Rebuilt 
bits  of  either  type  (K-1  or  K-2)  proved  generally  unsatisfactory  in  that  their 
bearings  often  failed  to  survive  one  drilling  of  the  Florence  limestone. 
Although  several  attempts  were  made  to  drill  two  full-depth  holes  with  the 
same  K-2  type  of  bit,  only  one  of  the  attempts  was  successful,  and  this  proved 
to  be  too  time-consuming.  It  was  far  more  economical  to  use  a  new  roller  rock 
bit  in  each  hole  to  be  drilled  through  the  Florence  limestone,  and  this  was 
the  procedure  that  became  standard.  Thus  the  number  of  roller  rock  bits 
consumed  in  the  drilling  is  approximately  equal  to  the  number  of  holes  drilled 
through  the  Florence  limestone.  Material  other  than  the  Florence  limestone 
was  readily  and  rapidly  drilled  with  even  fishtail  bits  and  presented  no 
problem. 
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TABLES 


MRKED-FG 


15  June  1966 


Table  1.—  Footage  Figures  (Right  Abutment) 


Type  of 

Holes 

Feet 

Hole 

Drilled 

Drilled 

Primary 

18 

2,180 

Secondary 

17 

2,051 

Tertiary 

34 

4,094 

Quaternary 

16 

1,374 

Quinary 

— 

— 

Angle 

XL 

1  >369 

Totals 

96 

11,068* 

•Includes  overburden 

Table  2 _ 

Summary  of  Drilling  Footage 
(Right  Abutment) 

Feet 

Dxllled 

Type  of  Material  Drilled 

676 

Overburden 

7,876 

Six  horizons  grouted 

(bedrock) 

2.516  Four  horizons  not  grouted  (bedrock) 

1 1 ,068  Total  of  all  drilling 
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15  June  1966 


Table  3.—  formation  Footage  (Right  Abutment) 

Feet 


Formation 

Drilled 

Overburden 

676 

Towanda  limestone 

1,140 

Holmesville  shale 

1,453 

Zone  "A"  (Fort  Riley) 

1,119 

Zone  "B"  (Fort  Riley) 

485 

Zone  "D"  (Fort  Riley) 

954 

Florence  limestone 

2-J2S 

Total 

8,552* 

•Excludes  horizons  not  grouted:  "C"  Zone  and  "E"  Zone  of  Fort  Riley 
limestone,  the  Oketo  shale  and  the  Blue  Springs  shale.  These  horizons 
required  2,516  feet  of  drilling. 


IV- A- 11 


T-  VO 

so  m 


I 

I  jsr 

CM 


o 

OO 

on 

I 

GO 

o 

ON 

o 

I 

CsJ 

CNJ 

CM 

no 

C\J 

<H  V 
3  fc, 
«  <m  3 

«  n  n 
h  ti  n 
O  0)  0) 
33  O  t, 
o  a. 

OT 


O  I  SO 

«-  I 


•o  43 

n  <0  m  ■ 

«  .H  3  • 
•H  »H  O 
O  t-I  C- 
33  U  43 
Q  H 


so  I  «- 

—  I  r- 


n  T3 

®  ®  ® 

H  H  4 
0  0  3 
A  A  O 

A  a  3 

•H  *H  • 

■a  *j  n  o 
u  t.  c  o 

O  ®  >H  + 
m  as 
B  eo 

®  JT  ® 

£  m  c.  -a 
*»  c 
«  x>  a 
o  a  e 
■o  *>  ®  o 
c  .  B  CM 
■H  Cm  4->  + 
H  3« 

•a  to  xi  oo 
«  jC  a 
n  n 
n  c 

<1  rl£  O 
t.  ®  60  -H 
60  *>  -H  *J 
O  A  U  <0 
t,  S  -u 

a  th  «  to 

X  43 

T>  O  *j  U 

®t.  a 

43  a.  <M  -h 
a  Oh 
34  at 

C.  ®  +3 

o  -g  a  3 
SCO® 
A  *>  fc. 

r-t  to  to 

*H  •  4) 

*»  »  B  C 
C  ®  -H  V 
3  H  H  0) 

o  » 

It  £  AH 
C  -O  ® 
O  >>  C  XI 
+>  t.  A 
«  A  3  x> 
®  -o  o  a 
3CH® 
•HO  O 
•HOAX 
ox:® 
it  a  h 
■o 

cunt) 
A  C  3  C 
i  A  £  H 

O  P  t-i 

*3 

®  A  •  3 

£  a  T)  O 

**  -H  ®  t. 

(.4)  to 

*»  o.  ® 

3  rH  ® 

o  h  ao 
t.H  an 
60  A  O 

O  <M 

u  •  o 

O  fc.  c 

«  V  *3 

•»J  >  «  C 

a  «  o  « 

®  *  4J 

x»  O  T>  X 
43  A  V 
O  43 
♦»  «  H 

«  bh 

®  B  -H  3 
•o  H  A  <M 

It  H  44 

a  t.  ® 

.  *i  3  X 

n  a  o  -tJ 

A  43 

>*>*!>, 
3  <-i 
•H  >»  O  U 
Of  03  £.  A 

g  “g 

*»  •  « 

*»  ®  43  60 

A  A  *i  a 

A  O 
flrtiH 
SB  O.  O  A 


IV-A-12 


0) 

II 

n) 

p 

CO 

ft) 


* 

v 

o 

u 

c 


1* 
c. 
o 

■a 
c 

«l 


£ 


in 

v 

P 

& 


o 

P  O  — 

c  tb  m 
a>  a> 

8  H  H 

ft)  <s  o 
a  ©  xj 
C 

W  -H 

o  <4 

a> 
cu 


<8 


03  -C 

a>  v 

■H  P 
-POM 
CKO 
a>  l-i 
B  C 

ft)  M  > 
O  w  11 
r- 1 

nos 

Jft  IH  ftn 
COM 
X  M 
ft) 

b  O 
ft)  O 
a,  3 
CO 


T3 
4->  ft) 

03  c  p 

^4  ft)  o 
O  B  ft) 
-31- 

o  c 


<8 


<3 


a>  3] 


a> 

T3 

03 

<u 

0) 

n 

H 

0} 

n 

O 

0) 

0 

35 

Ch 

h 

cu 

q 

•o  a  o 
a  a  bo  -h 
®  H  3  4J 
•H  «H  O  CC 
O  *H  U  E 
35  .C  U 
QH  O 
C* 


O 

04 


=T 

m 


VO 


«-  I 


r-  O 


Csj 

r a 


C7V 

CO 

CM 


CO 

CO 


>> 

iH 

a> 

3 

tn 

*Oj 

03 

*-• 

3 

<D 

O 

CO 

n 

4-^ 

* 

m 

• 

* 

rH 

0} 

n 

t- 

in 

r— 

O 

0) 

0) 

<Dl 

m 

X 

0 

H 

0 

3ft 

5 

CO 

m 


2? 

<a 

X) 

s 

o 

o 


ST 

m 


>* 

b 

<a 


b 

o 

H 


>» 

b 


b 

ft) 

-P 

ft) 

5 


« 

0- 


(0 

43 

a)  O 
P  X 

T- 

a> 

vo 

T- 

1 

VO 

O 

0 

c- 

in 

C\i 

1 

CO 

H 

O  iH 

CM 

C\J 

in 

CVJ 

b  rH 
< 

O 


>» 

u 

a 

c 


1 

•o 

(4  rH 

a)  a> 

^  -H 

§  * 
a  o 
o 

p  -p 
£ 

to  -a 
•h  c 

p  a 

<0  p 

(m 

c  o 
■n  a 


°3 


p  p  p 
3  <0  b 

O  P  O 
P  b 

ft)  P  ft) 
Hrlfi 
PSP 
s  ra 
ft)  Vi 

>>  b  o 

rH 

rH  ft)  ft) 
(0  P  C 
3  P  O 
03  n 
3  P 
P  K 
O  **H  <ft 

*  e 


CM 

on 

on 

1 

O 

0 

4J 

• 

Ov 

• 

ov 

• 

ON 

• 

CM 

1 

• 

Ov 

0 

>» 

o 

o\ 


P  rH 

.*3 

a)  b 
C  ft) 
o  c 

p  ft) 

n  to 

a) 

8  n 

■H  -H 
►4 

o 

>»  b 
ft)  0 
rH  P 
•rH  P 
« 

a) 

£  « I 

O  P 

b  03 

a)  a) 

p  p 
p  p 

<p  a) 
o  m 
3 

«  (ft 

c  o 

o  ft) 
n  p 


to 

c 

< 


<  ft) 

B  3 

ft)  p 

p  n 

p 

a) 


p  > 

n  m 

a>  o 
p  B 
rH 

c  o 

ft)  X 
p 

»  a> 

p 


p  o 

rl 

(ft  ft) 

03  n 
o  n 

a,  p 
S 

•h  a) 

cf 

« 

p  p 
(m  a) 

o 

•  9 

(ft  t4 

p  ft) 

m  a 

* 


p  «•  «) 

W  .H  P 

ft)  p 

4)  > 

1-1  4)  -a 

rH  H  C 
*rt  ft) 

>  b 

0}  0)  ft) 

ft)  P  r-t 

B  to  ft) 

rH  -H  P 

O  P  n 
X 

a)  «> 

<0  rH 

P  p  rH 
P  a)  -h 

Vi  P  03 
O  ft)  ft) 

03  B 

ft)  iH 

03  >.  O 
ft)  rH  X 
P  -H 
b  ft) 
ft)  eft  P 
PUP 
P  -rH 

■a  v 
p  b  o 
ft)  o 

ft) 

P  03  C 
ft)  ft)  (ft 
03  »  rH 
Q. 

0)  b 
b  ft)  t0 
0)  -5ft  U 
X  O  -H 
O  ft)  TJ 
«>  a  T9 
a.  a) 

0  p 
p 

•  P  rH 

b  ft) 

ft)  03  P 
JX  3  C 
O  P  O 
ft)  E-<  N 
a  th 

b 

ft)  •  o 

•0  p 

Vc  ft) 
o  X)  ft) 

■rt  P 

g)OP 

•H  (0  | 

P  I 

P  03 
ft)  ft)  03 
«3  *  ft) 

6 

4)  ft)  O  • 
PON® 
P  (ft  C 
rH  ft)  O 
3  U  rH  p 
O  P  0) 
rH  4)  ft)  ft) 
iH  P  P  B 
(ft  P  3  iH 
O  rH 
O  O  b 

p  »  to  >1 

« 

Mfl  OH 
C  C  3  -H 
H  (ft  P  K 


It 


3 


3 


3 


C 


3 


el 


vO 

A 


43 

A 

h 


43 

O 

4-5 

o 

4^ 

c 

b. 

© 

© 

a 

iH 

rH 

0) 

A 

o 

o 

A 

K 

C 

0} 

•H 

pH 

J 

pH 

o 

< 

© 

ft 

V-* 

CO 

V 

ft. 

a 

*c 

A 

© 

i— i 

4-5 

4-> 

o 

0] 

c 

ns 

a) 

a> 

H 

a 

c 

0) 

H 

> 

a 

' — * 

rS 

03 

A 

3 

—H 

<M 

o 

O 

03 

rt 

SB 

03 

CO 

© 

ft 

O 

A 

o 

ft. 

S3 

CO 

■c 

43  V 

n  c  4-i 
3<  A  O 
OB  ® 
0)  •*" 
u  c 
H 


<8 


a 

r-i  bO  , 

A  A  Cj 

43  43  3q 

o  o 

H  ,°  _J 

6m  H 


V 

ft  T3 

non 

A  A  43 

r-4  A  K 
o  A  A 
S  bh 
Cl. 


c 

■o  JS  o 

n  «  tis-H 

«  H  3  43 

HH  O  « 
O  -H  ft  E 
S  (•  JB  L 
OHO 
b 


O 

in 


1 


ON 


CO 

NO 


N-  O 


s*  <M 

•  • 

r-  CO 


>N 

pH 

rH 

© 

3 

L,  X3\ 

03 

O  ©| 

© 

© 

©  4-> 

m 

• 

* 

pH 

© 

©  © 

CO 

NO 

CM 

O 

© 

©  © 

r" 

r— 

m 

33 

o 

U  H 

o 

a* 

3 

CO 

i 

CO 

st 


I  r- 

I  in 


C'“- 

in 


On 

SO 


cn  rn  st  «- 

r-  CO  so  ON 

m  cm 


ON 

VO 


on  in  f  co 

O  ON  ON  CO 

cm  «-  cn  «- 


NO 

m 


l  o 

I  r- 


CO  NO  CM  VO 

«-  *-  m  r- 


I  t- 

I  f 


co  t-  *r  no 

^  r-  PO  r— 


I  «- 

I  *- 


in 


o 

© 


>* 

>* 

ft 

A 

£ 

L. 

© 

c 

>> 

l. 

•o 

A 

Li 

t. 

A 

C 

•H 

© 

A 

a 

o 

43 

4-> 

C 

■H 

o 

ft 

© 

-4 

£ 

£ 

3 

3 

o 

c 


a) 


IV-A-lii 


the  area  was  devoid  of  any  tertiary 
time. 


Table  10 


FOOTAGE  FIGURES 
(Left  Abutment) 


Type 

of 

ms 

Holes 

Drilled 

Feet 

Drills! 

Primary 

21 

2,255 

Secondary 

20 

2,160 

Tertiary 

40 

4,278 

Quaternary 

34 

1,366 

Quinary 

2 

47 

Angle 

_5. 

602 

Total 

122 

10,708* 

•Includes  Overburden. 
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Table  11 


SUMMARY  OF  DRILLING  FOOTAGE 
(Left  Abutment) 


Feet 

Dolled 

874 

6,942 

2.892 

10,708 

•These  horizons  did  not  accept  grout: 
"C"  Zone  (Ft.  Riley) 

"E"  Zone  (Ft.  Riley) 

Oketo  shale 
Blue  Springs  shale 


Type  of  Material 
Drilled - 

Overburden 

Six  Horizons  Grouted 

Four  Horizons  Not  Grouted* 

Total  of  all  drilling. 
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Table  12 


FORMATION  FOOTAGE 
(Left  Abutment) 


Formation 

Feet 

DrUlsfl 

Overburden 

871* 

Tovanda  Limestone 

287 

Holmesville  Shale 

1,042 

Zone  "A"  (Ft.  Riley) 

1,120 

Zone  "B"  (Ft.  Riley) 

545 

Zone  "D"  (Ft.  Riley) 

954 

Florence  Limestone 

z.*m 

7,816* 

•Excludes  horizons  not  grouted:  BCn  Zone  and  nE"  Zone  of  Ft.  Riley  limestone , 
the  Oketo  shale  and  the  Blue  Springs  shale.  These  horizons  required  2,892 
feet  of  drilling. 
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